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ABSTRACT

A 4-day sea trial was conducted with the USS BOWEN (DE-1079) in an
attempt to extend the existing operating envelope of SH-2F helicopters from
DE-1052-Class ships. Participants included teams from the Naval Air Test
Center, the Naval Air Engineering Center, and the Naval Ship- Research and
Development Center (NSRDC). The present report concerns NSRDC measure-
ments of ship motions, sea conditions, and wind conditions and their relation-
ship to the degree of difficulty experienced in aircraft operations. Air turbu-
lence or gustiness was found to be somewhat more important for the relatively
small SH-2F helicopter than ship motions although the maximum double .
amplitude roll of 19 degrees and maximum double amplitude pitch of 5.6
degrees did produce difficulties. However, these motions did not provide the
limiting conditions under which safe SH-2F operations can be performed.

The highest sea encountered during the trial was a low State S. Additional
trials in higher seas are required to establish the highest acceptable motion
limits. The present results contain several important operational implications.

ADMINISTRATIVE INFORMATION

NSRDC participation in the BOWEN trial was at the request of PM-15 under Naval Air
Systems Command Work Request 4-4084, Funding was provided under Work Unit 1-1568-009,
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INTRODUCTION

BACKGROUND

Until quite recently, Navy helicopters were operated from relatively small, nonaviation
ships such as destroyers on a “try it and see if it works” basis, without general advisory or
mandatery guidelines. By 1971, however, the importance of having flight envelope iimits for
each combination of helicopter type and ship class was recognized and mandatory flight
envelope limits were established for such combined operations.

The Dynamic Interface Program is intended to extend these envelopes to ship/aircraft-
event motions that constitute more realistic limits for operational safety. The present report
concerns the ship motions aspect of one specific experiment of that program, namely, a 4-day
seu trial involving the LAMPS (SH-2F) helicopter and a DE-1052-Class ship, the USS BOWEN
(DE-1079).

The trial was conducted several hundred miles off the coast of Charleston, South Carolina,
in January 1974, The principal objective was to extend the existing flight limitation
envelope for LAMPS/1052 opcrations and to assess a series of new landing and takeoff
techniques. This was the responsibility of a team from the Naval Air Test Center (NATC)
consisting of pilots, flight crew {snaintenance, etc.), and test engineers.

There were two telated secondary objectives:

I. Evaluation of single point tiecdown system performance and loads, etc. This was the
responsibility of the NATC team and a test engineer from the Naval Air Engineering Center
(NAEQ). .

2. Measurement of ship motions and sca conditions during the trial. This was the responsibility
of a two-man team from the Naval Ship Research and Development Center (NSRDC).

The active cooperation of the captain and crew of BOWEN was, of course, highly
essential to the success of all aspects of the trial.

NSRDC TRIAL OBJECTIVES

More specifically NSRDC was responsible for relating its measurements of ship motions
and sea conditions to the degree of difficulty experienced in porforming helicopter operations.
One member of the NSRDC teams was located in the flight tower and the other was

below the flight deck at the NSRDC instrumentation center.
The procedures utilized for collecting ship motions data and their relation to aircraft
operations had been doveloped carlier by NSRDC:

\ s o




1. In extensive sea trials with the Interim Sea Control Ship USS GUAM (LPH-9) during
which landing/takeoff operations had been investigated both for helicopters and for the
British VSTOL aircraft HARRIER (AV8).* :

2. In sea trials with the USS RALEIGH (LPD-1) which dealt solely with HARRIER
operations.**

The development of these procedures and the rationale for the measures of ship motions em-
ployed have already been described in detail in connection witii-the HARRIER/RALEIGH
trial,

The present report concerns the results of two basically different types of analysis of ship
motion data, namely, the standard power spectrum analysis of ship moticns and the aircraft event
analysis of ship motions during the specific time interval of an aircraft event (i.e., takeoff/
landing). Both types of analysis are required in order to relate ship motions to the degree
of difficulty experienced in such events.

It is recognized, of course, that the casé or difficulty of aircraft operations is influenced
by many other factors, e.g., pilot skill, the maneuverability of the basic aircraft, the relative
size of the aircraft and the landing deck, and such environmental aspects as wind, turbulence,
and visibility. Accordingly, these additional factors were noted or recorded in some fashion
as part of the ship/sea motion measurements.

Trial results which deal primarily with the direct operation of the aircraft have been
reported separately by NATC.! The rationale for the present emphasis on relating ship
motions 10 the degree of difficulty in aircraft events is to use this relationship for predictive
purposes for ships? other than the 1052 class. The rms ship motions based on standard
ship motion power spectrum analysis are to be related to motion measures, i.e., event motions,

* that relate to the degree of difficulty associated with aircraft landings and takeoffs, Both
motion measurement paramoters will be discussed in the following section,

]
Reported informally by AE. Baitis snd DA, Woolaver 83 NSRDC Evalustion Report SPD-5254101 (Keb 1974),
e
Reporied informally by D.A. Woolaver &3 NSRDC Evaluation Repoit SPD-S4241-01 (Oct 1973),

L.
Commatos, M.4, et al,, “Second interim Report: SH2W Hellcopted/DE-1052 Class Desi namic
Evaluation,” NATC Report FT-20R-74 (Mar 1972), royer by Iatetface

2 .
Bales, S.L. et a1, “Response Prealctions of Helicopter Landing Platform for USS BELKNAP (DLG-2 3
(DE-1040) Clas Destiopers NSRDC Repore 3888 (10l 1573 (BLEG-16) and USS GARTIA
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DEFINITION OF SHIP MOTION MEASUREMENT PARAMETERS

RMS SHIP MOTIONS

The rms ship motions which characterize ship responses for stable ship conditions® are
defined as the standard deviation ¢ from the mean value of ship response. It should be
recognized that this standard deviation is representative of an infinitely long time history of
ship motion taken when the ship conditions (load, speed) and the environment (sea direction,
height, and length) are constant. Obviously, ¢ for a short finite sample taken from the in-
finitely long response time history will differ from the true o of that history. It has been
found in ship motion work that sample lengths of 18 to 30 minutes or 200 cycles of ship
motion are generally sufficient to describe the true standard deviation of the infinite response
time history, i.e., will result in statistically stable ship responses.

The standard deviation is important because the short-term variations in ship response or
the peak-to-peak variations (double amplitudes) or the mean peak variations (single ampli-
tudes) of the response time histcry follow a Rayleigh distribution. In tur, this distribution
is uniquely defined by the standard deviation. To illustrate: if 1000 successive ship response
cycles were recorded and tabulated, 31 would be expected to range between 0 and 0.25 0, 87
between 0.250 and 0.5 0, 148 between 0.75 ¢ and 1.00, 33 between 2.50 and 3.00, 9 be-
tween 3.00 and 3.5 0, and so forth.

The probability associated with the occurrence of a particular level of wave height or
ship response may be found by integrating the Rayleigh probability density function of wave
height or ship response from zero to the desired height or response level. Table 1 presents
the results of such integrations as statistical constants which relate the rms of ship responses
or wave heights (1) to statistical ship response levels or (2) to the highest expected responses
in a given number of cycles of ship responses. For example, the significant double amplitude
of ship motion is four times the rms ship motion whereas the significant single amplitude of
ship motion is one-half the significant double amplitude or twice the rms ship response.  The
highest expected double amplitude in 100 cycles, on the other hand, is 6.06 times the ms
ship response. Note, however, that these is a rather largge probability (0.63) that the highest
expected value in 100 cycles will be exceeded. See Bales et al. for a more detailed and
thorough presentation of the statistics of ship motions.

data,

*Cestain changes in ship speed and heading were sct as the Linits fur stable ship coaditions. These aze discussed later in
conatction with the measuted
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TABLE 1 — STATISTICAL CONSTANTS FOR SINGLE AMPLITUDE SHIP RESPONSES

AND WAVE HEIGHTS

SINGLE AMPLITUDE STATISTICS

Root mean square amplitude, rms

Average smplitude

Averege of highast 1/3 amplitudes, signiticant

Highest expected amplitude in 10 successive amplitudes
Average of highest 1/10 amplitudes

Highest expected amplitude in 30 successive smplitudes
Highast expected amplitude in 50 wccessive amplitudes
Highest expected smplitude in 100 successive amplitudes
Highest expected amptitude in 200 successive smplitudes
Highast expeciad amplituda in 1000 succestive smplitudes

DEFINITIONS

o? « Stavistica! variance of time history
N « Numbaer of amplitudes

CONSTANT = /7 {Ra NI'/2, whete CONSTANT relates @ 10 the highast expected smplitude in N

snplitudes .
NOTES:

1. The highest expected amplitude in N smplitudes it the mast probsble sutiems value in N

amplitudes. This value may be exceedad 63 paicent of the time,

2. To obtain wave height or double smplitude statistics trom s values, mulliply Ungle

amplituda comtants by 2.0,

1000
1250
2000
2160
2550
2810
280¢
3030
3250
3720

Ranges of
Signiticant Wave
Heights

g}
]

ft

State

0~ 19
18- 41
4.1 - 67
6.7~ 74
74..130
13.0-208
208 - 40.3
403 - 616
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AIRCRAFT-EVENT-RELATED SHIP MOTIONS

The two measures of ship motions that relate to the degree of difficulty in aircraft
events are defined in Figure 1. The first consists of the largest double amplitude (or max-min
value) that occurred within a given event,

Note from Figure 1 that the double amplitude may be equal to, greater than, or—
occasionally—less than the instantaneous value. The double amplitude is considered to
represent the motion value in an aircraft event which a pilot will perceive and to which he
will respond. For example, if the double amplitude that occurred duting a takeoff were to
represent, say, roll angle or lateral acceleration, the pilot would apply sufficient directional
control to compensate for the disturbing forces induced on the craft by ship motions. Thus,
the maximum double amplitude in an event is regarded as a measure of the extent of diffi-

culty encountered by the pilot due to ship motion.

The second measure of ship motion considered is the most important value of the in-

: stantaneous ship response for the type of aircraft event considered. For a takeoff, the first
instant of the event when the aircraft landing gear starts to unload is defined as the
instantaneous ship response of concern. Similarly for a landing, the last instant when the air-
craft becomes fully supported by the ship is the instantaneous response of concern.

It is expected that the pilot may have more trouble in controlling this second measure
of motion-related difficulty. Furthermore this instantaneous value may be critical for the physical
| considerations involved in the successful completion of the aircraft event. For example, the
] instantaneous value of ship motions at the time the aircraft is in the process of becoming
fully supported by the ship is clearly more meaningful (skids may occur during this critical
time) than the maximum double amplitude in the entire event.
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SHIP AND HELICOPTER PARTICULARS
Table 2 lists the particulars for BOWEN and Table 3 those for the helicopter and flight deck.
TABLE 2 — SHIP PARTICULARS

Length between Perpendiculars, feet 415.0
Maximum Beam, feet 48.5
*Maximum Huli Draft, feet 16.0
Maximum Sonar Dome Draft, feet 245
Displacemant, Full Load, (DE 1058}, long tons 3931.0
Baseling to Vertical Center ot Gravity (KG), feet 12.4
Vertical Center of Gravity to Metacanter {GM), feet 6.2

Note: BOWEN i3 fitted with antiroll ting, but these were used
during only one flight {secand flight on the third of the 4.day teiall,
Thus it wes not possible to esteblish either the eflectiveness of such
fins or their potential tor improving alrcratt capability to iund, teke
off, or traverse the landing platform, This determination would have
doubled the tangth of the wial and was thus clearly beyond the scope
of the test plen,

TABLE 3 — PARTICULARS FOR HELICOPTER AND FLIGHT DECK

SH - 2F AND DE 1052

Helicopter Length Overali ' 62 1t 7 in,
Helicopter Average Gross Weight 12,000 Ib
Helicopter LCG Station 179 = 172
Helicopter Rotor Diameter 4t

Distance between Main and Tail Landing Gear 18 19 in,
Distance to top of Rotor Head 134 7in,
Distance between Outside Main Landing Gear Wheels 1R 7in,
Flight Deck Width st Bull's-eye 91 9in
Clearance between Main Rotor and Hangar 10 %

Figure 2 is a sketch of the BOWEN landing platform. There are two standard approaches
to the ship, namely, port and starboard. The port approach was generally employed when the
left-seat {command) piiot flew the helicopter into the deck, and the starboard approach was
utilized when the right-seat pilot controlled the craft. The nonstandard or cross-deck
approaches and takeoffs cvaluated as part of the BOWEN trial are also illustraled in
Figure 2.
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MEASUREMENTS AND OBSERVATIONS

BOWEN motions were measured on the centerline of the ship one deck below the flight
deck and directly under the landing target. The NSRDC instrumentation station was
equipped to measure pitch, roll, yaw/ship course, and accelerations in the vertical, lateral, and
longitudinal directions.

Acceleration sensors were mounted on a gyro-stabilized platform derived from a Mark 4
Mod 0 gunfire control model. This so-called ‘“‘stable table™ has been used consistently for
many years by NSRDC to measure ship motions® and was modified in the late 1950’s. (The
NSRDC electronic measurements of pitch and roll were supplemented by readouts from bridge-
mounted inclinometers marked by the flight engineer.)

Ship speed and course were taken by means of repeaters from the ship’s own sensors.
Wave height was measured by a Datawell buoy which was launched from the ship at zero
speec and tethered to it by means of a 300-foot-long line. This particular buoy is a standard
weight-height-measuring instrument which has won international acceptance by oceanographers

active in the field of wave measurements.

Time code signals and electronic event channels were utilized for time correlations
(1) between the instrumentation mounted in the helicopter and other ship/aircraft sensor
instrumentation and (2) between the ship and the helicopter itself. The event channel was
operated manually by the NSRDC engineer stationed in the flight tower,

Time correlation between ship motions and helicopter measurements was accomplished
by relating the ship to the helicopter at two distinct periods in the landing or takeoff
sequence. The start of the event (say, takeoff) was marked by activating an electrical switch
as the helicopter wheels started to lift, i.e., as the tires unloaded from the deck of the ship.
The end of takeoff was similarly marked when the last part of the helicopter had crossed the
edge of the deck. Figure 3 demonstrates a typical helicopter landing sequence.

At the NSRDC instrumentation center below the flight deck, attempts to mark aircraft
events by observing them on a television monitor were unsuccessful for two yeasons. First.
the perspective and view of the aircraft near and on the flight deck were inadequate to give a
clear indication of when the craft crossed the flight deck, and eithor left or came to rest on it.
Second, the remote viewing station complicated communications with the othier member of the
test team and also precluded observations of the direction and state (growth and decay) of
the sea relative to the ship.

*Described by S.R. Guaderson snd L.C. Ruth in NSRDC Evatuation Report SPD-S15-4H-01 (Mar 1973),
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The remote viewing did prove valuable, however, in that it enabled the ship motion
record to be marked manually whenever the helicopter slid on the deck (no provision had
been made for electrically recording the start-stop sequence).

In addition to marking the aircraft events, the NSRDC observer in the flight tower noted
the direction and state of the sea and recorded factors which identified a particular aircraft
event, i.e., time of day, speed and direction of the wind, type of aircraft manduver, and
pilot comments including their qualitative ratings of the ease or difficulty of an event. (These
ratings are termed pilot rating scale—PRS)., The observer also added his own comments on
the timing of the event relative to the sea and ship motions and gave a general qualitative
evaluation as to how difficult (rough or smooth) the event appeared from the ship.

Most data were recorded both on an eight-channel BRUSH chart recorder and a fourteen-
channel FM analog. tape recorder. Details of calibration procedures are given in Appendix A.
Additional information c¢n the instrumentation specifications valid for NSRDC measurements
during the BOWEN trial is similar to that given in Appendix A of the informal report by
Gunderson and Ruth (see footnote to page 8).
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) PROCEDURES FOR ANALYZING DATA COLLECTED BY NSRDC

g The collection and evaluation of data were specifically intended to answer such questions '
as: 1

. 1. How successful are helicopter pilots in avoiding landings or takeoffs during the worst

cycles of ship motion in the short time segment (e.g., 3—5 minutes) within which an aircraft
cvent must occur?

2. What levels of ship motions appear to present problems?

3. Which motion component, or group of components, appears i0 present the greatest
difficulty in the aircraft landing/takeoff cycle?

As already indicated, two basically different types of an.lysis were employed for the
ship motion data. The first, the standard power spectrum analysis of ship motions, provided
a valid statistical description of the BOWEN motions and the sea conditions under which the
trial was performed. The second, the aircraft event analysis, utilized ship motion and aircraft
correlation techniques to relate the degree of difficuity due to ship motions to the standard
statistical description of these motions established in the first type of analysis.




It should be noted at this point that the present state of the art in ship motion theory
does allow for accurate predictions®#'* of standard statistical measures of ship motions, e.g.,
both significant ship motions and their time histories. Yet there is presently no known
method or theory for relating predicted ship motions? to the three specific ship/aircraft
interface problems enumerated above,

The present effort was therefore aimed at establishing this relationship between ship
motions and the degree of difficulty that they cause aircraft operations at the air/ship inter-
face. References 3 and 4 contain several specific examples of ship motion predictions based
on measured model- and full-scale data.

Since the procedure used by NSRDC was concerned with establishing BOWEN motions -
during the entire time period that flight operations were underway (flight quarters for ship
and trial personnel), ship motions were recorded continuously during helicopter flights.

Figure 4 demonstrates this measurement pattern over the entire 4-day trial period as a series
of short, broad, dark lines. The length of a line is directly proportional to the duration of a
particular flight. )

In this context, it should be noted that the data within each flight were marked prior to
reduction in accordance with the two aforementioned basic types of analysis performed,
namely, power spectrum analysis and aircraft event analysis.

The power spectrum analysis was perforimed when ship conditions were stable. In other
words, there was a limit on the variation of ship speed (1.5 knots) and heading (£27 degrees)**
during the analysis time interval. Figure S was prepared to illustrate the data pattern of
analysis within a given flight. The pattern shown there is an expansion of the line representing
Day 2 in Figure 4. More specifically, Figure 5 presents the data pattern for Flight 7 of the
trial (Flight 3 of Day 2). It is clear from Figure 5 that five distinct periods of stable ship
conditions were encountered during this particular flight. Each combination of ship speed
and heading encountered during these five intervals resulted in different rms values of ship
response; sce Table 1.

3z|mlck. EL. and J.A. Diskin, “Modeling Techniques for the Evaluation of Anti-Roll Tank Devices.” Third Ship Control
Symposium, Bath, England (Sep 1972).

‘Bnlm. AE, and R. Wermter, “A Summazy of Oblique Sea Experiments Conducted at the Naval Ship Research and
Development Center,”” Appendix B of the Seakeeping Committee Report, 15th International Towing Tank Conference (1972).

.choned informally by A.E. Baitls et al, in NSRDC Evalustion Report SPD-$18-H-01 (Mar 1973).

“SMp motlon rms values are regarded as statisticaliy stable If two samplings for equivalent time segmonts at ths same
phyalcal conditions (wave height, ship apeed, and ship hesding) ylolds approximately the same values.
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However, the primary purpose of the BOWEN trials was not the study of ship motions
and so the time periods for which stable ship conditions were obtained varied widely, i.e.,
from 4 to 42 minutes. As already indicated, 18- to 30-minutc test periods are generally
required to obtain statistically meaningful data. Nevertheless, motion results were calculated
for all stable ship motion periods even though some rms values are not necessarily statistically
stable.*

The time duration for stable ship conditions, i.e., constant speed and course, are given in
Tabie 4 together with the corresponding numbered aircraft events. It is noteworthy that
aircraft events did not always occur after ship speed or course had stabilized. [n fact, stable
ship conditions did not necessarily occur until some time after the start of an NSRDC data
run. For example, note for Flight 1, Day 2, that seven intervals of stable ship conditions ob-
tained during Runs 9 and 10. In all, there were 2§ aircraft events during Flight 1, but only
23 of them are contained within the seven intervals.

Reduction of data for ship motion/aircraft correlation was performed for every single
aircraft event. Thus, waveoffs which occurred during landings and specific intervals during
which helicopter single point tiedown evolutions were performed have all been treated in the
same fashion. Each individual pair of landings and takeoffs was generally performed under
different flight conditions, i.c., different relative wind speeds and directions, different
approach or takeoff directions, different landing and takeoff techniques, and thus different
operational capabilities of the helicopter. The individual cvents are denoted as vertical arrows
which start on the flight time scale in Figure 5. These individual events were numbered and
related to the flights and specific stable-condition intervals within that flight in Table 4.
Summary listings (Tabhles Sa—-Sd) were prepared for the double amplitudes and instantaneous
values of ship motions for all individual aircraft events in a given trial day. These listings
relate the specific motion ievels during aircraft events that occurred at the various ship motion
.conditions presented in Table 4. '

MEASURED SEA, SHIP, AND WIND CONDITIONS

SEA CONDITIONS

Figurcs 4 and 6 show the sea conditions that prevailed throughout the trial in terms of
significant voave height (see Table 1 for definition), maximum wave heights recorded during

.Shlp motlon tms values are tegarded ay statistically stable If two samplings for equivalemt lin}v wrinents at the same
pliysical conditions (wave heiaht, ship speed, and ship heading) yleld approxtmately the same values,
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the individual wave height runs, and wave height spectra, It may be observed from these
measurements that seas were equal to or greater than a high State 4 for the majority of the
aircraft events. In addition, the wave height spectra for Runs 8, 12, 17, and 21 shown in
Figure 6 indicate that there appeared to be a single predominant sea rather than a sea plus
swell as, e.g., in Run 15 of Figure 6.

SHIP MOTIONS

Figure 7 presents the maximum variations in significant ship responses (as defined in
Table 1 within a given flight as well as the wave heights that produced these motions. Unless
otherwise noted, all responses are given as double amplitudes. These significant sh’n responses
were calculated from the individual sections of response time histories during which ship speed
and heading were stable. There were generally several such intervals during a flight, and each
interval generally corresponded to different stable conditions of ship speed and heading. Both
the largest and smallest significant ship responses within a flight are shown in Figure 7 to
document this range of response levels, The reasons for these response variations and their
implications for aircraft operations will be discussed later.

The greatest measured variations in significant ship responses during a particular flight
were 1.8 degrees for pitch, 5.8 degrees for roll, 4.7 feet for vertical stern motion, and 0.07 g
for lateral acceleration. The flights during which these ranges of ship motions were recorded
are shown in Figure 7 as short, wide, black lines. The length of these lines is proportional to
the length of the flight in a fashion similar to Figure 4. Ship motions recorded while the ship
was hoved to in order to measure wave height are shown as open circles in the individual
graphs of ship responses. Pitch and pitch-associated stern motion are also shown in the figure
together with roll and roll-associated lateral acceleration.

Although the ship responses generally followed the trend for wave height, therc was a
difference in responses between the second and fourth trial days; the highest wave heights
recorded on those days were respoctively 9.3 and 7.5 feet. The largest significant lateral
acceleration (0.16 g) was measured on the second day, but the largest significant roll
(12.8 degrees), the largest significant pitch (5.36 degrees), and the largest significant vertical
stern motion (16.8 feet) were all recorded within a 1-hour period on the fourth day.

The fact that all the largest values for these different measurés of ship response did not
occur in the same seas demonstrates that the frequencies of maximum lateral accelerations
are different from those for maximum roll, pitch, and vertical stern motion. Thus the ship
oporator cannot simultancously minimize these four responses.
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WIND CONDITIONS

The true wind speed and direction are tabulated in the tenth and eleventh columns of
Table 4. These computed values were based on the measured ship speed and heading and
the manually recorded relative wind speed and direction as measured by the ship anamometers
and displayed in the flight tower. The manual recording of relative wind was performed by
the NSRDC engineer in the flight tower at the time of the individual aircraft events.

The daily average wind speeds calculated from Table 4 indicate that aircraft events on the
first and fourth days of the trial occurred in average true winds of about 15 knots and that
those on the second and third days occurred in average true winds of 24.4 and 16.6 knots,
respectively. Thus aircraft events on the second day occurred duriug the highest, average true
wind speeds encountered during the trial. The highest wind speed of all (31.3 knots) was
measured during the third flight of the second day. a speed of 30.6 knots was recorded during
the first flight of that day. These wind conditions corresponded to the flight during which
the highest lateral accelerations (ship motion) were obtained.

On the other hand, the lowest wind specd (4.7 knots) was recorded during the last flight
of the fourth day, the event for which pitch and vertical stern motion were the largest for
the entire trial. Thus it is cvident that ship motions per se are not necessarily directly
correlated to wind speed and that a kncwledge of wind speeds alone is not adequate for pre-
dicting ship motions during which aircraft events are intended to be conducted. A more
detailcd discussion of the variables which influence ship motion levels during aircraft events is
given later,

It is important to note another characteristic o the measured winds, namely, the
fluctuation of wind speed and direction with time. The highest hourly fluctuation of wind
speed noted during the trial (18.5 knots for Flight 8) was associated with a 22-degree shift in
wind direction. But the highest hourly fluctuation of wind direction (100 degrees) noted
during the trial (Flight 3) was associated with a wind speed of only 6.2 knots. Thus very
large variations in wind speed and direction occurred during intervals of less than | hour,
Wind speed and direction should be recorded in similar fushion as ship motions for dynamic
interface trials such as that with BOWEN,

SHIP MOTIONS CORRESPONDING TO A TYPICAL WIND
LIMITATION ENVELOPE

As mentioned in the introduction, the BOWEN triad represented an attempt to expand
the existing wind limitation cavelope for LAMPS helicopters operating with D%-1052-Class
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ships and to assess a series of new landing and takeoff techniques.* A discussion of the
methods for determining the aircraft limiting envelope is given in Appendix B in order to
relate measured ship motions to the established limiting wind envelope. These trial procedure
observations are also made to assess how ship motion productions may be made for specific
existing or future limiting wind envelopes. No reliable method is currently available to
establish this relationship.

Figure 8 was prepared to demonstrate the ship motions corresponding to a typical
limiting wind envelope (preliminary) during the present trial. The graphs (roll and pitch) show
this envelope as well as both the significant and the largest response double amplitudes within
the aircraft event. The ship motion measures indicated on the graphs represent the result of
the two types of analysis performed. Response magnitude is plotted similarly to relative wind
speeds, i.e., magnitude increases with increasing distance from the center of the graph. The
ship roll and pitch shown on the graphs correspond to the limiting wind test points defined by
Pilot Rating Scale**, PRS, ratings of 2 or more. Unlike wind data, the roll and pitch data are
connected by straight lines.

Figure 8a illustrates the ship roll measured by NSRDC at the different relative wind
speeds and directions. Roll motions appeared to reach a maximum in both head and
quartering winds. Ship roll generclly increased as headings varied away from head seas and
decreased somewhat as ship speed increased. The large roll in head winds for two particular
events are unexpected and suggest contributions from either one or a combination of the
following factors:

1. Waves may have been higher at these events than at others.

2. Wind waves may not have come from the same direction as the waves which, in turn, pro-
duced roll (i.c., the presence of swell).

3. Very low ship speed and relatively high true wind.

On the other hand, the large roll in beam and quartering seas is expected because the
magnitude of the relative wind does not suggest a very low ship speed, and quartering winds
also often correspond to quartering seas.

In general, theso ship roll response curves indicate that when the helicopter was operated
near its limit in head winds®***, ship roll was quite small, In contrast, when the helicopter was
operated near its limit in port bow and starboard beam winds, ship roll was quite large (signif-
jcant roll of 12.8 degrees). It is noted in passing that 12.8 degrees represents a substantial
amount of roll. In tum, such magnitudes suggest that although roll may have constituted a

problem during bow and beam winds, it is unlikely to have been a problem during head winds.

*Details on the alreraft techniques have been teported in Referenie 1,
*e5ee Reference 1 for dedinition. .
sssRelative to the hellcopier alignad on s lndlag line,
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A comparison of the two types of ship motion measures shown in Figure 8a suggests
that significant ship motions are generally equal to or greater than ship-induced event motions.
In other words, the pilots were generally successful in landing during ship roll motions which
were less than the significant ship motions.

Figure 8b gives similar information for ship pitch. Unlike roll, pitch was relatively
constant (about 2 degrees significant) with wind direction. Again as with roll, the exception
appeared to be in head winds relative to the helicopter. Pitch appeared to be minimal (about
0.7 degree significant) in the helicopter head wind test, suggesting that ship motions were
minimal during these relatively easiest limiting conditions (head winds).

The pilots were generally successful in landing during ship pitch motion less than the
significant ship motions. The exception for both pitch and roll was for quartering winds
relative to the ship or beam winds relative to the helicopter.

A comparison of Figures 8a and 8b indicates that during limiting wind conditions, pitch
was usually about one-third as large as roll, This does not imply. however, that pitch and
pitch-associated vertical motion (or verticil acceleration) of the landing platform are less
important than roll.* ‘

The limiting wind envelope shown in Figures 8a and 8b docs not nccessarily represent a
final envelope that has been approved by the appropriate naval commands. Rather it is a
preliminary envelope selected from the NATC data files and is included here only to illustraie
typical ship motions that correspond to such a limiting envelope.

At any rate, the envelope illustrated in these graphs applics for daytime port approaches
and starboard launches with ship roli of 10 degrees and pitch up to 4 degrees (based on
inclinometer readings).

The correlation was poor between values of ship pitch and r‘oll as measured electronically
by NSRDC and as recorded by bridge-ounted inclinometers. This discrepancy is explainable
by two basic sources of error. One is associated with the basic inaccuracy of inclinometers as
devices for dynamic measurements of roll and pitch, and the other is related to the timing
with which the sensors are read. Both sources of error are discussed in Appendix € and
illustrated with reference to the wind limiting envelope of Figure 8.

‘The need for more accurate measurements of pitch and roll than possible with inclinometers
presents no difficulty. These can be obtained from the sensors of the gyro-stabilized navi-
gational compass. All that is required is the installation of pitch and roll repeaters on the
bridge and on the flight control tower.

°Thc telative importance of ship roll and pltch in alreraft tanuings and rakeotts can be establivhed by a statisiical analysls
whetein the individual event sesponses are tanked In ordee of decteasing response, This s done Water in the geport,
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TIME HISTORIES OF SHIP MOTIONS

Figures 9 and 10 present ship motion data collected during some of the more severe test
conditions, i.e., low State 5 seas in the form of time histories. Results are shown in this .nost
basic form:

1. To illustrate the general fluctuations in ship responses with time,

2. To demonstrate the importance of timing aircraft events to occur during benign ship
motion conditions, i.e., lulls,

3. To document conditions that produced aircraft skids.

Only the most important ship responses are shown in the figure along with the calibrations and
the polarities of the responses.

The results of a standard landing with a turn on the spot aircraft maneuver are shown as
Event E-6 in Figure 9. (Figure 3 presents a pictorial record of this relatively difficult
(PRS = 2.5) event.) The corresponding rms ship motions and aircraft event ship motions are
given respectively in Tables 4 and Sb. This landing thus represented aircraft operations beyond
limitd expected of Fleet pilots.

Figure 9 also presents ship responses for an across-the-deck landing and takeoff sequence.
This sequence included an unsuccessful cross deck landing attempt (E-10) that resulted in a
wavcoff, as well as a subsequent repeated attempt that was successful (E-11) and the equally
successful takeoff (E-12).

Figure 10 presents a similar cross deck landing sequence performed on the last day of the
trial. This latter sequence is of particular importance because ship motions* caused the heli-
copter to skid. Thie sequence of events is shown on the figure for two different time scales,
The more compressed time scale (top of figure) covers the skid event together with the landing
that preceded it and the emergency takeoff that followed it. This same sequence is shown on
an expanded time scale in the lower half of the figure.

It is quite evident that the landing occurred under conditions of particularly high roli
and lateral acceleration, followed by a relatively long period of low roll motions. Although
this cross deck landing was successful in that there was no damage cither to ship or helicopter,
the extreme effort required of the pilot (see Events 10, 11 of Flight V1, Table 5d) placed
this event beyond safe oporating limits for Fleet pilots.

After this hazardous but successful cross deck landing had been made, the aircraft wheels
wore chocked. The helicopter was then partially tied down to the deck (some but not all

°Roll, Lteral and vestical aveeleration.

.
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tiedown chains were fastened) and lead ballast was loaded into the craft®. About 83 seconds g >
after the landing and before this loading was completed, the “lull” in ship motions ended. ‘

SL

Lo
LR

The particularly large sequence of roll angles which followed then caused a sudden, ”*

unexpected, long skid of the entire aircraft towards the portside of the ship, and there was 3‘

some likelihood that subsequent roll motions might aggravate the slide. Tiedown chains were i%
4

therefore removed as rapidly as possible, and the helicopter made an emergency takeoff
21 seconds after the skid**.

It is evident from this skid and takeoff sequence that if the aircraft had not taken off
when it did, the next sequence of large roll motions (roll, vertical and lateral acceleration)
which began immediately after the takeoff might well have moved the aircraft over the edge
of the flight deck. This particular sequence of events thus demonstrates the importance of
the timing (luck) of the aircraft events relative to the ship motion and emphasizes the
importance of having the helicopter securely tied to the deck during high roll conditions. Roll
and the associated lateral accelerations are considered to be the ship motion components which
produced the skid. Clearly, if critical stages in the aircraft events can be made to occur during
lulls in ship motions, no motion-induced difficulties, such as skids, are likely to occur. The
helicopter is particularly vuinerable when partially tied to the deck and also when it is
supported partly by lift and partly by the ship during landings and takeoffs. The former
condition is considered to be more dangerous than the partial lift situation because it takes
much longer and thus exposes the helicopter to more extreme ship motions. (The value of
expected ship motions increase rapidly with time. For example, the highest value expected in
8 10-second interval increases by 28 percent in 20 seconds and by 41 percent in 30 seconds.)
Thus, minimizing the exposure time of the helicopter during such vulnerable stages as deck
tiedown pays off by reducing the likelihood that excessive ship motions will be encountered.

The relative importance of the occurrence of excessive motion cycles while the helicopter
is in the air over the deck (event double amplitude) and while it is partially secured to the
deck may also be inforred with limited confidence from this sequence of landing, skid, and
emergency takeoff. When the event double arplitude of roll is compared to the skid-
assoclated double amplitude of roll, both are found to be about 19 degrees. Both of these
tather large roll cycles increased pilot difficulty, but theve is little doubt that the skid-
producing roll was the more dangerous and important of the two. Accordingly, it is concluded
that rolt motions while the helicopter is partially ticd down tend to limit aircraft operations
more than do aircraft event roll motions. 1t follows logically therefore that a more rapid tie-
down has important poteatial for extending the aivcraft operational limits from this ship.
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*Lead ballast was uwed (o maintain atrcraft gross welpht within acceplable Hmits during 3 given test tiight,

**as o result of this and other high ship tiotion cioss deck Landings and takeofls, the cross deck landing technigue is ot
tecommendad for fleel use as was cosicluded in Refeteawe 1.
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OPERATIONAL IMPLICATIONS FROM THE ANALYSES OF
SHIP AND AIRCRAFT-EVENT MOTIONS

RELATIVE DIFFICULTY OF TAKEOFFS
AND LANDINGS

The aircraft events obtained under stable ship motion conditions represent a total of 90
takeoffs and 97 vertical landings. These events were ranked in order of decreasing ship
motions and related to the landing incident considered as indicative of serious difficulties, i.e.,
waveoffs. Figure 1] and Tables Sa-S5d summarize the double amplitude ship motions that
relate to the individual aircraft events. In the interest of brevity, only the highest 30 events
ordered by pitch, vertical acceleration, roll, and lateral acceleration double amplitudes are shown.

The vertical scales for the individual graphs in Figure 11 represent the largest double
amplitudes in the aircraft event (see Figure 1) ranked in order of decreasing ship motions; the
horizontal scales represent the corresponding numbers for aircraft event in the ordered sequence.
It should be noted that these events are completely time independent, both from event to
event and from ship motion to ship motion, In other words, the landing that constitutes the
highest event for pitch (5.6 degrees) may have occurred at a completely different time from
the second highest event. In addition, this highest event for pitch does not anecessarily
correspond to the highest event for roll (14.6 degrees), vertical acceleration (0.31 g), or lateral
acceleration (0.20 g). The values for the highest events az well as the aircraft events which
resulted in waveoffs are alsc specified in this summary figure. Waveoff events were treated
exactly the same as other aircraft events,

This comparison of the relative levels of the double umplitude ship motion responses indi-
cates that takeofl values were aiways less than or equal o landing values but never greater,
The times associated with these events were shorter for takeoffs {average of 9.8 seconds) than
for londings (average of 19.6 scconds). Accordingly, takeoffs generally occurred during no
more than two complete ship motion cycles whereas landings sometimes required as many as
five cycles. On the average, 46 percent of the takeoffs occurred in less than one complete
' ship motion cycle whereas only 23 percent of the landings were accomplished in less than one
cycle.

These results may be interpreted to mean that pilots find it easier to select the proper
time to take off and that they spend less time over the deck once they decide o launch,
Since -the level of ship motions increases rapidly with time, a quick takeoff cxposes the
helicopter to substantially lower double amplitude ship motions. (This result was also ob-
served during HKARRIER operations aboard GUAM.)

To conclude that takeoffs are cusier than landings does not necessarily mean that pilots
will be able to select lower instantancous ship motion values in which to consciously perform

18




critical stages (aircraft support partially from lift and partially by the ship) of operation. In fact,
a review of the instantaneous values tabulated for the individual aircraft events suggests that
takeoffs occurred at greater values of pitch and roll than did landings. This implies that although
the pilots attempt to land/takeoff during lulls, they are not particularly successful at simultan-
eously making the instant of touchdown or liftoff occur with a level deck.

The largest instantaneous values associated with landings and takeoffs were respectively
6.3 and 7.6 degrees for roll (second day of the trial) and 1.6 and 1.4 degrees for pitch
(last flight of the final day of the trial).

The ordered sequence of aircraft events places waveoffs during landings at or near the top.
This has important implications for ships of the 1052 class. Inasmuch as waveoffs are con-
sidered to be precursors of serious difficulties, their occurrence near the top of both the
pitch (and pitch-associated vertical acceleration or motion) and the roll (and roll-associated
lateral acceleration or motion) sequences indicates that both types of motions create diffi-
culties in aircraft operations.

T T o L U T e e
BN S I e e T
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RELATIVE IMPORTANCE OF ROLL AND
MTCH IN AIRCRAFT OPERATIONS

Note from Figure 11 that during the aircraft events, extreme pitch motions were about
one-half as large as the extreme roll motions and--surprisingly—that the extreme lateral
accelerations were about two-thirds of the extreme vertical accelerations. Thus lateral
accelerations are relatively large for the 1052 class, and consequently roll is a more important
component so far as aircralt operations are concerned than for some other ship types. For
instance, Canadian experience with helicopter/ship operatiens and U.S. Navy experience with
helicopters operating from the GUAM both indicated that pitch and its associated ship motions
were more bothersome than roll. ,

This apparent disceepancy in the compotient of ship motion which produces operational

 difficulties is considered to be related to the angle between the lonvitudingl axes of ship and
aircraft during critical stages of landing/takeoff. Thus ships which launch and recover aircraft
with the longitudinal axis of the craft paraliel to the longitudinal axis of the ship will find
only pitch and its associated ship motions troublesome during landings and takeofls. But
these operations as conducted by 1052-Class ships involve substantial aygles between the longi-
tudinal axes of craft and ship. Roll and roll-associated ship motions then also become factors
for which the pilot has to compensate or contend with in the critical stages of landing and
takeoff.
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The addition of the roll component to the motions of major concern to the pilot will
substantially increase the difficulty of landing and takeoff. Moreover, it is quite impossible
for the ship operator to simultaneously minimize both sets of motion components,

The results imply that either pitch or roll may independently produce difficulties or cven
cause cancellation of aircraft operations with the 1052 class. Accordingly, roll stabilization of
this class would directly improve its capability to launch and recover aircraft.

CRITERION FOR ROLL STABILIZATION

Roll stabilization is an alternative/complementary procedure for extending the operational
capability or safety of this or similar ship/helicopter combinations. A consarvative roll
stabilization goal or criterion can be extracted from the 1300-second interval of stable ship
motion within the segment during which the skid and emergency takeoff sequence of Figure
10 occurred. The roll and lateral accelerations in this segment of Flight 11 (12.8-degr:e
significant double amplitudes of roll) are considered conservative estimates of the most sevec
conditions ir; which unassisted, free deck landings can be made with a reasonable degree of
safety. Normal landings/takeoffs under these conditions can be and were made at limits
(PRS = 2.0) expected of Fleet pilots (see Table Sd, Flight 11, Events 6 and 7). It is con-
cluded from the above data that a 12.8-degree significant double amplitude roll represents
realistic roll siabilization gosals for destroyers deploying helicopters for free, unassisted deck
landings,

et P

MOTION LEVELS THAT LIMIT AIRCRAFT
OPERATIONS

Because of the very large number oi variables involved, motion limits can be specified
here only in term- .f a range rather than on the basis of specific single values, The number of
variables involved also makes a statistical approach appropriate. Two basic types of statistics
can be utilized to establish limiting motion levels:

1. The pilot rating (PRS) of the difficulty of aircraft cvents and pilot comments following
particular events,

2. Cases where ship motions and other flight conditions were so severe that the event had to
be aborted.

The results of pilot ratings have been <cported in Tables Sa—5d. However, they were not used
for the present analysis because the waveoff criterion is considered somewhat more reliable
for defining the motion levels which limit aircraft operations. It has already been indicated
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. that landings are more difficult than takeoffs; they take more time to accomplish and generally
occur at higher ship motions (see Figure 11). In this context, then, motion levels that cause
landing waveoffs are considered to be the levels that tend to limit helicopter operations.

Difticulties can be expected when motions within the aircraft event reach pitch levels
from 2.7 to 5.6 degrees and roll levels from 6.4 to 14.6 degrees. The equivalent values for
pitch- and roll-association motions are 0.17 to 0.31 g for vertical acceleration and from 0.12
to 0.20 g for lateral acceleration. The corresponding values of significant ship motions are
2.2 to 4.0 degrees for pitch, 4.4 to 11.1 degrees for roll, 0.13 to 0.25 g for vertical
acceleration, and 0.09 to 0.16 g for lateral acceleration.

Although these levels of significant ship and event motions produced difficulties with
aircraft landings, they do not necessarily represent the highest levels during which landings
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can be accomplished. Significant and event motions can be considered synonymous with
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limiting ship motions only when repeated attempts to land under the same conditions result
in repeated waveoffs.
An individual waveoff indicates conditions where recognizable lulls in ship motions did
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not occur or could not be utilized* while the helicopter was hovering over the deck. The
distinction is illustrated by Figure 12 which represents the last flight of the trial.

It is clear from Figure 12 that prior to the waveoff, ship motions during the aircraft
event contained many lulls during which a landing would have been relatively simple. It
seems far safer to conclude, then, that the event motion levels that resulted in waveoff were
limiting motions. The relation of these event motions to significant ship motions cannot be
inferred with precision at this time. More extensive ship/aircraft event data in high scas are
required to refine the relationship.

Although event motions may constitute Hiniting ship motions so far as landing or takeoff
is concerned, they are not necessarily limiting for the entire operation. For example, a differ-
ent and lower ship motion limit may be necessary while the aircraft is being securely tied to
the deck. or while maintenance is being performed. Thus the availability of a quick-securing
mechanism and a pilot-controlied quick-release mechanism would enable the pilots to take
better advantage of lulls and thus enable helicopter operations under higher ship motion
conditions than observed during the trials. This assumes, of course, that pilots/deck landing
crews are able and willing to make several attempts at a landing.

PILOT SKILL IN SELECTING LULLS IN
SHIP MOTIONS
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Pilot skilt in locating fulls in ship motions can be deduced by comparing the largest
double amplitude within an aircraft event with the two measures of ship motion:
1. The largest possible ship motion that the pilot could have encountered during the short
. time segment within which the event must oceur,

*Physiaal reasons fur a waseofT include cases where the pllots abllity to perform a normal Landing had been aade detiberately
mwre ditTicult by either attempting a cross dodk landing o by degrading the ying yualites ot the helivopter for Lest purposes,
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2. The standard statistical measure of ship motions, i.e., the significant ship motions,

Figures 13 and 14 and Tables 6A—~6H were prepared to demonstrate pilot success in lo-
cating lulls. Figure 13 presents pitch and roll results for both takeoffs and landings, and
Figure 14 shows the associated vertical and lateral acceleration. The tables give the ordered
values from which Figures 13 and 14 were prepared.

Note that even during the highest ship motions, the highest aircraft event did not
necessarily occur when the significant or maximum ship motions were largest. Consider, for
example, the second and twelfth events in Figure 13:

Event Roll, deg Significant Roll, deg Maximum Roll, deg

E-2 12.8 1.1 15.6
E-12 7.1 12.8 19.2

Thus the occurrence of aircraft events in the random motion time history is marked by vary-
ing success in timing the events to occur during lulls in ship motions. On a few occasions,
the aircraft event occurred during the worst possible period of ship motions within the 3- to
S-minute segment of stable ship conditions. Unfortunately, such incidents tended to occur
for the larger motions and thus these particular aircraft events rank at or near the top of the
ordered sequence.

Lulls were particularly apt to be missed during pitch and pitch-associated vertical
accelerations. Note the first five events in the landing sequences of Figures 13 and i4, Here
the pilots inadvertently used the worst possible motions (denoted by x on the graphs) four
out of five times for pitch and twice out of five times for pitch-associated vertical acceleration.
In contrast, they selected the worst possible motions for roll twice out of five times and those
for lateral acceleration only once out of five. Thus lulls during roll appear to be casier to
locate than lulls during pitch. Clearly, a landing aid to lossen the likelihood of missing a lull

at higher ship motions would be very valuable.

[ ]
(5]
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SHIP MOTION DESIGN VALUES FOR SHIP/HELICOPTER INTERFACE

Standard measures of ship motions and the degree of difficulty experienced in landing/
takeoff operations from a ship are useful both for the ship/aircraft operators and for purposes
of ship/aircraft interface design. Data from the BOWEN trial indicate that the operators are
less successful in finding motion lulls at the limiting ship motions (Figures 13 and 14) than
at less severe and typical ship motions, such as those corresponding to a typical wind envelope
(Figure 8). It is clear from Figure 8 that the landings and takeoffs are generally made at ship
motion levels lower than the significant ship motions. However, this relationship between a
statistical level of ship response* and the level at which aircraft events tend to occur cannot
be used with confidence in interface design because it is exceeded quite often when operations
are performed at higher ship motion levels.

At the higher limiting ship motions it appears that the operators frequently inadvertently
perform the aircraft operations at the highest possible ship motions that occur within a 4- to
41.5-minute period of stable ship motions. Based on the highest five events in Figures 13 and
14 and Table 6, these extreme motion levels correspond to the highest expected ship motion
in as many as 280 motion cycles. It is to be noted, however, that these highest events
occurred under unrealistic operational conditions in that, they were obtained as part of a
trial. Under normal operating conditons, it is considered unlikely that the ship would retain
its helicopter recovery course for as long (up to 41 minutes) as it did during the trial. Thus,
no matter how poorly the ship motion lull was ‘‘taken advantage of,” the helicopter event
would not realistically be exposed to the highest expected extreme motion in 41 minutes.
For these reasons it is considered that the highest expected value in 280 cycles (3.36 rms)
of motion rather than the highest expected value in 100 or 1000 cycles (3.03 or 3.72 times
rins) of Reference 2 is appropriate and conservative for interface design.

CONCLUSIONS AND RECOMMENDATIONS

Eleven major conclusions and recommendations are made on the basis of the BOWEN
trial:

1. Air turbulence or gustiness produced more difficulty during landing/takeofts than
did ship motions; thus, dynamic interface trials should provide for measurement of wind speed
and direction in the same fashion as wave height and ship motion.

2. Helicopter operations are limited more by the difficultics oxperienced during
landings than during takcoffs.

*Significant ship motion response is equal to 2.00 rns for single amplitudes or 4,00 rims tor double amplitudes.
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3. Both roll and pitch independently produce aircraft landing difficulties, but the ship
operator cannot simultaneously minimize roll, lateral accelerations and pitch, vertical acceler-
ations.

4. The most practical and efficient way to extend the flight envelope for unassisted
landing and takeoff operations is to use devices which minimize the time that the helicopter
is not secured on the deck, ¢.g., rapid securing devices during landings and/or pilot-activated
single point tiedown release during takeoff. Roll stabilization to 12.8 degree significant double
amplitude roll will, of course, also extend the helicopter deployment capability of destroyer
or other naval ships.

5. Waveoffs are indicators of definite occurrences of difficulties during landings,
their relative scarcity indicate that the ship motion levels experienced in the BOWEN trial
do not represent the highest levels during which safe landings can be made. More ex-
tensive trials in high seas are required to establish the true upper limits in which safe,
unassisted helicopter landings can be performed on ships such as the DE-1052 class.

6. Additional trials should refine landing techniques during periods of high motions,
particularly with regard to how ship motion lulls can be taken advantage of as reliably
(safely) as possible. The feasibility of having the shipboard landings signals officer transmit to
the pilot the best time to start a landing from the ship motions viewpoint should be investigated.

7. During periods when ship motions were moderate, the pilots were able to time
landings and takeoffs to occur at somewhat less than significant ship motion levels. However,
during high ship motions, they were much less successful in locating lulls in these motions;
particularly when they involved high pitch*. For example, in one case a landing occurred
during the worst possible sct of ship motions in 28 minutes, Clearly, the search for and the
use of lulls can result in highly variable ¢vent/ship motions. This technique, in fact, may be
more dangerous than randomly selecting landing times. It is recommended, therefore, than
an electronic landing aid be develoned to lessen the likelihood that a full in motion is
missed when such motions reach high levels.

8. Pilots were not particularly successful in making the instant of liftoff or touchdown
coincide with a level deck. A 7.6-degree roll at the instant of takcoff reprasents the largest value
of roll obsorved during the trial, It is to be noted, however, that this value did not result in air-
craft operational difficulties.

9. The continual variability in the roll and pitch time histories provided by the ship
inclinometers unnecessarily complicated the operator's task in selecting appropriate recovery
courses and speeds for prevailing environmental conditions. Accordingly, it is recommended
that limiting values of ship motions be established in torms of significant ship motions so

*1t Is considered that the pliots inability te perceive the pitch and associated vertlcal ship motion resuits in the lower skill
in selecting ship motion tulls than was the case on the USS GUAM when pitch percoption was much vasier.
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that ship operators can have relatively stable ship pitch and roil values that can be read with-
out question as to whether or not specific ship motions really represent *“limiting motions.”
RMS or equivalently significant pitch and roll readouts developed from existing ship systems
should be displayed both on the bridge and in the flight control station.

10. Difficulties which produce waveoffs can be expected, (a) when significant double
amplitudes of pitch reach values from 2.2 to 4.0 degrees and vertical accelerations attain
values ranging from 0.12 to 0.20 g, and (b) when significant double amplitudes of roll reach
values from 4.4 to 11 degrees and lateral accelerations attain values ranging from 0.09 to
0.16 g. These levels do not represent the highest safe operating values. More trials in high sea
conditions are required to establish the highest acceptable motion limits.

11. For landing gear, or deck strength, or similar dynamic interface design programs,
it is considered appropriate to use the highest expected ship motion in 280 cycles of ship
motion, i.e., 3.36 rms, rather than the highest expected in 100 cycles, i.e., 3.03 rms, or the
highest expected in 1000 cycles, i.e., 3.72 rms of reference 2. This latter value is too con-
servative inasmuch as aircraft events would typically not experience the highest expected
extreme value in 1000 cycles or cven in 100 encounter cycles.
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APPENDIX A
CALIBRATION PROCEDURE

The accuracy of the measured motions is, of course, always related to the original cali-
brations of the transducers involved. For the BOWEN trial, these calibrations consisted of
very careful static pre- and post-trial calibrations of all NSRDC sensors. Roll and pitch
sensors were calibrated by deflecting the stabilized platform in the *“stable table™ in the
laboratory through a series of different angles ranging from 1/2 to 10 degrees. Results of
pre- and post-trial calibrations agreed exactly. In addition, as part of the installation of the
instrumentation, the stable table was referenced relative to the BOWEN compass gyroscope.
As a result of this referencing, it was established that the readings of the NSRDC stable table
unit were the same as from the ship's own sensor. This calibration procedure ensured the
accuracy of the roll and pitch values recorded by NSRDC.

The calibration procedure for Donner accelerometers used to measure both the vertical
and the two horizontal acceleration components {lateral and longitudinal) is essentially
identical to that employed for the pitch and roll calibration. All units were statically cali-
brated by tilting them through ranges of angles that varied from 0 to 60 degrees (corresponding
to acceleration values from 0 to 0.5 g for the vertical accelerometer) and from 0 to 30 degrees
(corresponding to acceleration values of 0 to 0.5 g) for the horizontally mounted accelerometers.
Again the agreement between pre- and post-trial calibrations ensured the accuracy of NSRDC
measurements.

The wave height buoy was calibrated at the factory. At the completion of the trial, a
calibration check was made by running the NSRDC maneuvering basin wavemakers while
making simultanecous measurements with both the Datawell buoy and a standard ultrasonic
wave height sensor. In turn, this ultrasonic wave height sensor was calibrated by moving its
sensing element through a prescribed series of steps both above and below its mean level,

The mean level, in turn, was several feet above the calm water level. The results of this post-
trial calibration indicated that the Datawell wave buoy was operating within the manu-
facturer's specifications.

‘The speed and course measurements taken from the ship's own sensors were calibrated
by manually moving the sensors through prescribed ranges with equipraent that is part of the
speed and course sensing system of the ship. AR manual movement of the sensors was per
formed by an electronic technician from the crew,

Most data was recorded both on an cight-channel BRUSH chart recorder and a
fourteen-channel FM analog tape recorder. Additional information regarding the instru-
mentation specifications valid for the NSRDC measurements on the BOWEN trial may be ob-
tained from Appendix A the informal report by Guaderson and Ruth (see footnote to page 8).
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APPENDIX B
METHODS FOR DETERMINING THE FLIGHT LIMITING ENVELOPE

Observations on methods for determining aircraft flight limiting envelopes are made
(1) to relate measured ship motions to established limiting envelopes and (2) to assess how
ship motion predictions may be made for specific envelopes that already exist or may be
established in the future,

Current operational procedure prescribes that a helicopter pilot always use one of two
approaches or departures (see Figure 1) relative to the ship. These are defined by the line-up
lines which are drawn through a buliseye on the ship deck. The pilot uses these lines to
reference the aircraft relative to the longitudinal axis of the ship. The alignment is employed
both when the aircraft is translating toward (landing) or away from (takeoff) the ship.

Once the aircraft is hovering over the bullseye, the pilot has a choice. He may either
(1) land so that the longitudinal axis of the aircraft coincides with the line-up line or (2) land
by rotating (i.e., turning on the spot—TQOS) the aircraft to coincide with the longitudinal axis
of the ship. Similarly, he has two choices for takeoff; (1) with the aircraft located on the
line-up line, he can lift off, hover, and fly off in the direction of the line-up line or (2) with
the aircraft located on the longitudinal axis of the ship, he can execute a TOS at an
appropriate hovering height, then fly off in the direction of the line-up line.

During landings and takeoffs, the aircraft will encounter wind speed and direction
relative to the ship, Here these parameters are considered to have the same relation to air
craft responses as ship speed and directive relative to the sea have for ship responses. By
this analogy, the wave height/ship relationship is regarded as equivalent to the wind gust/
aircraft relationship. Of course when the aircraft crosses the deck of the ship, wind gusts or
aircraft excitations are complicated by the air turbulence gencrated by the ship superstructure.

In order to establish a limiting envelope, the helicopter is flown on and off the ship at
a variety of celative wind speeds and directions. PRS, i.¢., Pilot Rating Scale, evaluations by
the NATC pilots are recorded immediately following the completion of individual events. PRS
ratings of 2.0 or greater are considered to be the limits that Floet pilots are expected to meet
with reasonable safety. Thus, the combination of limiting wind speed and ditection for a
particular type of aircraft event is defined by handling qualities of the aircraft as quantified
by PRS ratings of 2 or more. '

The limiting wind speeds and directions thus defined are presented on polar coordinate
paper as the limiting wind envelope for the specific type of aircraft event. The associated
aircraft test conditions, visibility, wind gustiness, and ship motions are also generally
specified on the polar coordinate plots.




Figure 15 is an example of wind limitations on an aircraft event, in this case, the
envelope for an SH-2F helicopter operating from a DLG-26-Class ship, The environmental
conditions call for night operations (white lights only) during O to | degree of ship pitch and
0 to 8 degrees of ship roll.

The figure indicates that the helicopter may be launched or landed at relative wind speeds
ranging from O'to 45 knots in head winds that are 315 degrees relative to the helicopter. For this
example, then, the line-up line corresponds to the 315-degree line, i.e,, a line drawn at a
45-degree angle to the longitudinal axis of the ship. However, the allowable range of relative
wind speeds decreases if the direction of the relative \)rind shifts substantially either to the
starboard or portside of thisline-up line. Thus, for a 25-degree shift in wind direction to
starboard, the helicopter is expected to be able to operate in bow winds (i.e., 340 degrees) at
a range of wind speeds from 0 to 35 knots. For a shift in relative wind direction that has
the helicopter flying in beam winds, the allowable range of relative wind speeds drops to 0—
S knots,

Ideally, a helicopter wind envelope trial should be conducted when both the ship
environment (sea) and aircraft environment (wind) are stable. This is obviously impractical
inasmuch as even an abbreviated trial requires at least 20 individual events—landings or
takeoffs. This is longer than the period during which sea conditions can be expected to
remain reasonably stable and certainly much longer than stable wind conditions obtain.

Typically, then, a limiting wind ¢nvelope trial will consist of a serics of flights at different ’
times, different true winds, and different sea conditions.
Even under ideal conditions, the measured significant ship motions that correspond to
limiting wind aircraft events would vai-y at different relative wind directions because of the
changes in ship speed and heading required by the value of the relative wind. This type of
ship motion response could be predicted in a fashion similar to that given in Reference 2.
The range of expected rms ship responses that correspond to a given wind envelope may. of
course, be established by computing ship responses for a series of true wind spoeds,
dircctions relative to the sea, and sea conditions.
' Figure 16 illustrates the vange of ship headings relative to the sea that existed during the
individual flights of Trial Day 2. These variations in headings are considered to have

resuited both from the NATC test plan (relative wind specifications) and from variations in
the true winds. On the other hand, Figure 17 documents the vaniations in winds relative

to the ship that existed during the individual flights on that same day. The ranges in sigaiii-
cant ship motions (Figure 7) recorded during individual flights are typical of the ship
responses that pilots may expect when specific wind envelopes are employed for SH-2F
operations with DE-1052-Class ships.

it is emphasized, howsver, that these measured ship responses are not necessarily the

worst that might occur when these envelopes are used. Other combinations of the basic
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aircraft everit and relative

parameters®* may result in larger ship responses for any particular

wind speed and direction than measured during this trial,

*True wind speeds, ship headings and ship speeds.




APPENDIX C

EXPLANATION OF THE DISCREPANCY IN VALUES OF ROLL AND PITCH
’ AS MEASURED ELECTRONICALLY AND AS GIVEN BY
INCLINOMETER READOUTS

Inclinometer readouts of ship motions are gencrally noted as part of the process of data
collection during limiting wind envelope trials. The flight engineer or a member of the ship
force notes the largest excursion from zero of the inclinometer pointer or bubble (single
amplitude) during the aircraft event or near to this time, i.e., within seconds or minutes.
Since a given limiting envelope consists of a series of aircraft events, there may be as many
inclinometer-based pitch and roll values as there are individual test points. The largest
recorded values for a given envelope then determine the range of ship motions for which the
envelope is considered to be valid. For example, Figure 15 gives such motion values as 0~
1.0-degree pitch and O- to 8-degree roll for a specific wind envelope.

Figure 18 was prepared to illustrate the rather poor corrclation found between
inclinometer-based readouts and NSRDC electronic measurements of ship roll and pitch, The
results include values which correspond to the typical wind envelope of Figures 8a and 8b.
The measured double amplitudes within the aircraft event are shown on the horizontal axis of
Figure 18 and the corresponding inclinometer values on the vertical axis. Straight lings are
drawn as though both inclinometer and gyroscope gave the same reading for a given
inclination. Data points above this lino indicate inclinometer readings that were larger than
true values, and data points below the line indicate inclinometer readings that were smaller
than the true values.

It is obvious from Figurc 18 that the inclinometer readings are almost always too large.
The error is very large for both roll and pitch and larger for roll than for pitch. The magni-
tude of these errors is clearly important because it approaches the actual magnitude of the
limiting ship motions for the envelope illustrated by Figure 8.

Inclinometers are inaccurate for dynamic measurements ol pitch and roll because they
are essentially low damped pendulums or air bubble-level devices which are sensitive to
longitudinal and lateral accelerations, respectively. Thus the vertical and longitudinal location
of the roll inclinometer within the ship will atfect the accuracy of roll readings, and the
vertical and lateral placement of the pitch inclinometer will affect pitch reading accuracy.
Inasmuch as vertical, lateral, and longitudinal accelerations vary with location on the ship
(as illustrated by Baitis et al.).3 it is only to be expected that inclinometer readings will be
too large when large accelerations occur almost simultancously with large angular motions,

The timing with which the inclinometers are read is potentially as large a source ol
crror as constituted by their basic inaccuracy us angle sensors. On DE-1052-Class ships. the

Suaitis, A. E. et al., “Design Acceletation and Ship Mutions fur LNG Caggo Tuaks," Tenth Symposium oo Naval
Hydiodynamics, Boston, Massachusetts (Jun 1974).
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superstructure obstructs the view from the bridge toward the helicopter landing platform,
Thus the observer on the bridge who is recording inclinometer readings may mark different
times than does the observer in the flight control tower who is marking ship motions
electronically. (No inclinometers were mounted in the BOWEN flight tower.) If the length
of time between the end of an event and the recording of ship motions from the inclinometer
is more than one ship cycle (i.e., 7 seconds), then there can be substantial differences between
motions as recorded by the inclinometer and the actual extreme motions during the aircraft
event.

It was noted not only during the BOWEN trial but also on previous trials with RALEIGH
and GUAM, that bridge-mounted inclinometers were used (1) to determine how close to
mandatory maximum operating limits the ship motions come during particular aircraft events
and (2) to collect ship motion data that are considered representative of individual aircraft
events. Yet all three of these ships have very accurate sensors as part of the gyro-stabilized
navigational compass. The installation of pitch and roll repeaters on the bridge and flight
control tower (tied in to the navigation gyroscopes) would provide flight engineers and ship
forces with much more accurate pitch and roll measurements during aircraft operations than
are possible with inclinometers.
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Figure 3 — Typical Helicopter Landing Sequence
(Standard sturboard landing with tura on the spot, Flight
1 (5), Day 2, Run 9, E~6)
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. .
P LAUNCH AND RECOVERY WIND LIMITATIONS
SH-2F

DLG~26 CLASS SHIPS

NIGHT 0~-8 DEGREE SHIP ROLL*
0-1 DEGREE SHIP PITCH*
. WHITE LIGHTS ONLY

T T A i AR et

f * INCILINOMETER MEASUREMENT
; SEE APPENDIX B

{ Figure 1§ — Example of Wind Limitations and Aircraft Launch and Recovery
: (Ship envelope is for operation of the SH-2F helicopter with DLG-26-Class ships)
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EXTREME D.A. PITCH MEASURED DURING A/C EVENT
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Figure 18 — Comparison of Inclinometer-Berad Readouts and NSRDC Electronic Measurements
of Extreme Ship Rei! and Pitch during Aircraft Event
(Botls measurerneats aze given in double amplitudes)
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To sTD 1.0 7.% | QrT - 067 | 332 23.3 2063 30.6 210 50 =04 | 5.67 W93 .09 .00V 07 =0i0 2.23 < 88 -
C $TD 2.0 A QRY 047 | 332 | 233 263 3o.6 | 220 2,28 =13 | 4.3 3.10| .24 oVl le 025|991 FRY ;
0 $TO 2.0 7% | QRY.0b7| 332 23.3 263 3.6 220 69 LI | wat 328 (45 .cko] .10 ~00S| Sey 344
W sTD 2.0 1.0 QRY- o4% | 353 2.8 240 270 219 76 1.65]2.93% 3.91]|.09 .03%|.08% =03l %82 -3l .
h] l STD 2.0 2.0 Qar-o%s | 3Asa 228 240 210 219 .89 06! Sob .18 | 1 <01%| .07 o] 6.0y 1LTH E
. ' TOS 3.0 v0 | Qrr-0u5 ] 353 228 240 2re | 219 .61 .08 | 12,02 -277|.08 .021].09 .000bb7 - 68 g
TO Tos 2.0 7.0 | @ev-oNS5| 353 228 240 %0 29 99 ,72! ss0 3.20].09 .ca9].0% -oi8 2.5%-2.20 1
|
> L sTO ’s 19.0 8w =137 | 26! 313 353 184 297 L e ] 3,97 .18 |00 021 .0k 019 | 228 ) ['13 E
T To l 3TH 2.0 19.0 aw - 137 2wl 33 an 1B6 287 A3 .30 | .97 <69 [.0% .cod| .86 moi0 8L b o
D \ YOS 45 190 | BW =137 | Wl M3 | I e | 247 1 263 .25 {723 153,12 .o22| il ~ow® 488 - dey ‘
L YOS Xy L 3. gm - 100 198 30.0 ovo 127 254 M& | .56 .10 [19€ -213].07 =020].04 Q051133 T2
To! Toa | AT a3 | su-1c0 | 19¢ | 300 | owo | 137 | as¢ 115 .e2 | .82 -243].08 .03li-0@ .032|602"I,68 i
y
Ll ovos | a0 [ wen | wwrao| vae | 287 | osp f 2%l 249 20% 203 | 280 ~un3| .20 mom]| 1 023 bbb =12 |
o Yos 25 1.2 w120 Y8 28.7 057 LN 269 198 © 2.08 -2.081 .13 =0a3| 0% .oV | 6.20 167
L std | 2o ‘el | BwW=-i20] 178 sy 037 24 29 191 .08 | 351 =1L¥Y] .0T .001 | .04 6811|8523 -)06 J
To| std | 2y ez | sw-rzo| 178 | 287 | o057 | 261 ] a9 LA .08 | aMB 34|10 .0x).081 008|536 T69
L srd 30 150 | BW - i3] (Y 320 060 EA N4 an ) 2.00 .32b| 4.0% ~kBs| 20 nOI5) 15 .oNO| 10 - b

s mr e v comamw g 3w

P 10| TOS ro 10 | QrY-o0jo| 248 e | I 243 280 MS | Lo? 6 | 2oy b0 | .09 023103 .05 310 *hi9
® L ToS X s 1000 | anv-036] 288 o | IaB .y 340 2 30 | wpy 08 |02 00302 0% |2.80 1L
v 10 ros ro 160 | quv- 00| 168 Mo | J¥ LY ) aso o2 38 | 287 T4 | 0% oed|,03 000|194 e

b L +0s as $.0 YRR TY ) 303 113 300 64 33 W4 L70 &l | 8.0 S.2k] .09 2028| 09 =03} S 6b "33
b Yo TS IXs 8.0 $wW = 388 | 303 s 200 FT %) ass 68 .28 | $.61 290 | 06 =0I¥| .0k j007] d03 = SL
’;,b N b 15 ool avr - 293 | ool 19.0 250 9.2 PYY) .97 <09 {am =08 | 6% =o10[|.0b JOXL| 218 L8P
r ‘YO svD 25 b | a0y~ 295| oo 10 350 W2 ! W) T | S0 Res| 0% noD7 Ob -~ O8] 2.3% <03
u 5T Io 21,0 | BH - 24 o8 [N e 1118 ] 237 81 Ob | 196 97 | O =sol] .02 coo¥] 2.00 “is

To srd .8 3to | Om - 1l o [ avo 3.8 F1 %) 82 =19 |8 % avo|.ow .ood| .05 zoeo| L3 NIA

D L | £34") J.o 207 | aur-3y8 | 33 jo.0 age AW 213 e 0] et 3.68| 18 =e3] 1t woi0] 834 N6

Yo ! ST | ¢+ 307 | auy=pps| 333 | se0 | 290 Y0.1 s ¢ lisr o1 | 397y 1583] .09 tow] .0b .o0f L6 .55
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| TABLE 5c- DAY 3 OF TRIAL

]
R
TRIAL PARTICULARS SHIP, WIND, & SEA CONDITIONS
RUN | AUGHT | TME | &VENT | MANEUVER PiLOT's | SMiP RELATIVE True | Rearive | ReaTive | TRUE | TAUE
NO. MO, |ABSR.UTE No. PESCRIPTION TYPE | RATING | SPL&D S P 1P wWiND WiIND WIN D WIND :
) HEADN & HEAOWG | SPEED | iRECTION]  SPEED | RECTRN] .
- (s44) [ e\ (XA (W) :
/6 8 0838 b PRT L TOS 1.0 4.7 Bw=138 | 14 | 39.4 o0 18.7 o4o | :
7 SYBD TO Tos +s 47 gw -138 ] oi1d | 39.4 010 5.7 odo | §
8 PORT L STD 10 1Ty aw-138] oi1d | 39.4 010 18.7 ode | ¢
9 sTED TO STO 10 %7 aw 138 | O | 39.4 o0 16,7 oue | °
10 sTeD L Tos /5 247 sw-138] oi% | 394 o0 8.7 o4o
" sTBD To | TOS /0 247 BwW -138} o4 | 394 010 15.7 oo
0853 12 PORT L TS /0 252 | s8w=-110 1 o3 | 38.5 3y 159 o0l
/3 sTAd TO | Tves 2.0 251 aw - 110 | o4va | 3858 3y 159 oot
W STBD L oS +5 152 | W -110 | oud3 | 386 a4y 5.9 ool
/5" PORT TO | TOS /.0 252 | ew -0 ou3 | 865 ay 5.9 ool
09071 /6 PORT L |ASE oeF] 25 253 | BW =~ 208} 3o 325 oo 20.9 | ou
17 STRD =0 STD 15 25.3 8W - 208 Nne 3.5 ouo 20.9 Qi
/8 PORT L [BoosT oFF| 2.0 253 | Bw-203] 310 | M5 odo | 209 | oul
/9 STBD TO STD /.0 8.3 Bw-a03} Mo 3.8 o4 20.9 ol
0926 20 PORYT L, ‘1 5TO 170 12.8 Aw =~ 250 | 2262 2.0.0 030 26.¢ 353
K sSTRD TO &sTD 2.0 12.5 BW-280] 263 ! 20.0 090 20,9 383
o941 | 22 PRT L | sTO | 2€ it | sm-200] 233 | 16y 30 | 28,7 | oas
23 svep To stR +s e 8m-280] 233 ; te? o 55 o023
24 PORT L, §TD 7.5 o o~ 2801 233 A7 130 26.7 oals
25 stab To | s 15 1wk 8m- 200 233 . b7 130 28.7 oLl
26 PORT L. £TH Xs N Bm~-280f 233 16.7 130 259 023
27 STBD TO sSTH /.0 b fm-200 283 (L % t3o 25.7 023
10 9 ’ — - - .o QAT - 34 169 - - - -
2 - - - 45 aM- 2551 asa - - - -
3 —— " -—— 23‘1' DWW~ 53 ©00 - - . -
¢ - - - 251 BwWe 5] o - - - -
20 s 1858 ¢ PoRY Yo | srp +0 15 Bw - 1% | axy 210 { AN Y | 336
2 sven L L34 e 15.1 aw ~130 | 023 .0 531 144 33
J PORYT 1O ! 87D / 8.1 8w -~130 | ox3 210 339 1% | 336
194 o STBD L ) STD /8 wo | aw -0y | owe | 208 ais | a8 | %2
e PORT. 10, st | so 10 | Bw . 107 | ode | K5 a5 | 1.8 333
1932 (2 st L 03 10 1.9 | swW ~wL ] ot 210 350 154 | 368
20 | 7 PORT YO | —Tos 40 s Jaw -ns | on 23.3 320 | 169 (YT
: 8 STed L S0 15 2.5 Aw - 15 o5 3.3 30 15.9 b X
; 9 PORY rOo | 57D 1.0 126 | aw-ns | os7 | asa 310 | 159 | 31k
]
' 2056 | /0 s L | sto 15 200 | wW ~14 | 038 | 3eo | 325 | 7.7 | 332 -
' H PoRY ro | STD | 10 204 | ow -1 | o038 | 300 sms | 1T | B2

W uieur RUNL RELATIVE COURSE ASSUMED FReM DAVTIME JWELL CoNDITIONS, '
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DOUBLE AMPLITUDE € INSTAN TANEOUS

SHIP RESPONSES
YEATILAL

7R0€ |AaaTive | RELATIVE] TRUE TAVE S€A PrreH RoLL VERTICAL LATERAL IYEAN  MOTIoN

P wiND WiND WIN D wWIND SYATE (0N ro6e) Accuetxmou ACCELERATION [, 8}
NeADwG | SHEED | amEcrion] sreed | précTion {&2 (e

(oe8) [ e [ reeny A | iNsT, | DA | s, | DA. | mNsT. | 2.4 | mst. | A | T

e | 39.% 010 1.7 o4o H4 47 o4 | 247 =77 | .04 .oid| .03 .ocol .83 .43

o 39.% o 15.7 o4o .38 .38 | .67 -1 |.03 ,o0c%].02 009 148 =35

o1 | 394 010 18.7 o4o 4o .2l | 322 -112 | .03 .e03]| .05 .o02y4| L6k -.05
[ Vo 39.4 o110 '5,7 ouo ;32- 035 ’065 048 03 ‘.002. .03 ~ ocoS '-a‘} 'I-S [} k!
o Aoy ol0 )8.7 ouo .22 04 | 278 .Gl .03 =o010|.03 =010| 74 «6b E
o | 394 o0 18.7 odo .52 .32) 191 -1.98].03 .co7|.e2 .030| 167 -L36

o%3 | 38.5 3y 159 001 45 .71 | w28 .51 |.07 -oot} .0% .00)] %58 -89 1
oMd3 | 388 4y 159 oo\ .33 .33 | Wiz rae] .04 .039{ .03 -oo%]2.335 -l.52
ou3 385 3y 159 oo\ .82 .29 | 569 -.08| .07 =02z .07 <ees) .21 117

ou3 | 3e 3 159 ool . 91 .31 |267 <58 | .06 .06 |.10 .02% 385-2.67

30 s oo 20.9 o\t S .08 8.9¢ -2.84| .c5 .0238|.07 <o07]| 340 -1.88

3 1S odo | 20.9 oul 1108 .65| 591 -a4r| .09 7026| .05 TeI% B9 T2V

L 1Y 2s o040 0.9 oW ) .03 ] 2% -1.55] -3 Too8| .03 =020 1.3) Ty

3¢ s o 209 oul .87 =18 | L10 -1Lu3] .06 =oce}.08 O1%|2S54 .0

263 .0.0 090 20.0 383 .51 =ob | o8 =321 | .0k -037|.10 .003]l. 1l L5

263 | 20.0 090 20.0 383 90 42 | 560 L83) .11 <0859} .09 .0i8)3.10 1.38

233 | 167 130 | 2.7 | cas 90 =1 | 3.90 -1.os{.08 .025|.00 -=019| 399 =90

283 ; e o | 26.7 | oz23 1.15 .06 | 3.50 ~So| .08 -0i13| .08 <013] 295 =19

233 | 17 3¢ 26.7 0323 W2 .3 | %39 155 .08 =elo +O “ooo} Lo .79

233 b1 130 287 o2y 2,69 .97 | S48 <298 .13 oMb .07 ,038]%3¢ -2, 18

33 1b.? 130 28.7 023 110 b | 32 2m2] 4 w17 Lol “o0?] 6.05 =9I

ans te? 130 287 023 1 87 2% | W37 -rae| 1 002l .08 .018]3.97 =60

169 - - - - N4 - - - - - =] - -] - -

25‘8 - - - ——— - . — - - - - - - -

0‘5 — - - - —— ——— — —-— — - — - - -

0 21.0 LY IS4 | 336 L3 25 .16 | 2.9) »v0].0n ~olo] 024 0od]. 79 44

o3 .0 339 1. k118 31 % | 3¢ o | .02 o002} .02 o6 en I8

o3 avro 3 g | 3346 N85 .05 11976 115 |- 0L .oot].02 .00k} 58 .4

OM¢te Ly Ny 2.9 32 .58 .26 lupy 213] 05 .o081 .o =owr]| 264 -5 K
oNb .5 s 3.8 LT3 A9 0?7 ]19d w2l.05 .ov0i] .03 .ov¢] LBE? 2S5 i
ol 210 YY) 15.4 353 A e | B 4] 02 .o1n] .02 -ook] LY9 =SL

03} 23.3 30 | 189 26 29 .%2).,40 164} .02 0ol .02 .003]| 1de .OF

o3 23.% EK}1.] 5.4 Jae 53 9% J 282 18] 0S8 .ook] 05 -oeo] 2.5% -~ 29

037 133 J0 5.9 326 2% 23] Lo7 wéo| .08 .c05] 03 .000|.21 =ik

ode 30.0 35 7.7 332 3% .10 } 1ad ro9i ,oq .ooB| .02 =ocos5] 92 .22

-3-1.] sc.o| »1s5 .7 322 \ .33 .o% | 305 1,097 .04 .ocod].02 .003] WIS VT

HMIDVTIONS,
55
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TRIAL PARTICULARS

RUN
NO.

FLIGHT
NO.

TIME
ABSOLUTE

EVENT

MANEUVVER
DESCRIPTION

TVPE

PiLoT s
RATING

SHIP

SPEED
(«v3.)

REATIVE
WP ;
HEADING

23

/"

0802

0820

o85S

0906

‘I‘{(vh'\

O H3 &

/70

4
15"

16

STBD
PORT

STBD
PORT

STBOD

PORT
STIL
PORT
STBHD
PORT

sT80
PORY

STBD

TO

TO

TO

ToO

TO

T0

7o

Tos
sTD
ToS
XDy
XDK

sTD
sSTD
Y05
oS
XDK,
XDK

0%
0%

5TD

15
1.5
15
2.0
/33

2.0
2.0
2.5
2.5
3.5
40
2.0
2.0

1.5

20.3
20.3
20.3
20.3
20.3

70.8
10.8
/0.8
10.8
/0.8
10.8

/5.7
157

b.0

3
QRT-299 3
QRT-299 |
QRT ~299 4
QRT-299
QRY" =299 ]

v

GRT - 303 |
QRT~ 303
QRT -303 "]
QRT - 303{?
QAT - 303"
QRT -303]

Lk

e

QRT —oso?_:
QRYT ~ oacg

Fw= 004

24

/2.

V-

19.9

Bl

Bw - z.wé

15

3

1043

/100

/108

PORT
STBD
PORT
378D

Lagtin
PORYT

sSTeD

™

TO
WO

TOo

sTDd
ASE OFF

5TD
BOOST OFF|

ASE OFF¢
TOS

BOOST oFF]

1.0
/7.5

40

1.0

2'0

2.3
2-“:3
6.3
26.3

90
9.0

BwW - 228
BwW - 225
BW = 226"
Bw ~ 228

g
BM- 2611

BM- 262y

BM = 264




SHIP . WIND, ¢ SEA CONDITIONS

DOUBLE AMPLITUL

; SHIP
| ReLATIVE TRUE | RCLATIVE | RELATIVE | TRUE TRIE
. SH1P SHiP wiND wio | wiND WIND €A PrTcH RoLe A
ed HEADING wetoNG | SPEED | piRecTioN | SPEED | MRécrion| srarE (e (be6:) N
) (266) (x1s) () (xrs) €0€G.) 2A. | mst | DA | N3t d
o3 | @rT-299 | 238 | ;.o | ios | 254 | o033 Ls | 4l a3z -nn |
®0.3 | QrT-299 | 238 | 1.0 108 | 254 | o033 L76  =.89| 932 -3.27]
QRT-299 | 238 | 1.0 10§ 254 033 161 =.4o| 145 - 23],
203 [QRT-299 | 238 | 1.0 108 25.4 | o023 0.1 24| Bax 2.2 ;
0.3 | QRT-299 | 228 | 1.0 11y 25.4 033 2.67 1] s -8 .
(.8 QRYT - 303 234 '40 138 23.6 o34 R/ -du| s34 2./8 ‘
0.3 | QRT - 303 234 4.0 138 23.6 | 03¢ 2.0 =.57| 245 -177] .
0.8 | QRT-303 | 234 i4.0 135 23.6 | o34 0.50 ob | M 305 |-
08 | QAT-303 234 14.0 138 23.b o3« 1,35 103 ]| 855 2487
.8 | QRT-303 | 234 4.0 135 23.6 |} odd - - - - |.
‘ QRYT =303 | 234 14.0 138 23.6 o3y 054 -.47) 100 400
5. QRT -030 | 141 .o 258 21.3 o003 190 .06 | 475 2.87
QAT -030 | 147 no | ass 21.3 | oo3 2,18 =-.3k| 595 s03 |-
Fw- ooy | 173 12.0 280 124 | 0bS v 0.99 so3| 208 1|
BwW - 239 | 080 - — - - ts | - - - -1
o3 | BW - 225 | 094 | 235 | 330 | 132 | 337 LS |22 20196 .56
o3 | BW=- 225 | o9¢ | 235 320 13.2. 337 313,77 | 203 .86
.3 | BW - 225 o9y 2358 330 13.2 337 2.96 .51 |294% 3.57
jo.3 | Bw=- 225 | o94 | 23.5 330 132 337 563 -122| &35 419
\,_f4° BM- 262 | 058 15.0 310 7.2 29 26 1.58 | 902 .81 |-
)o BM- 262 | 058 15.0 310 2 296 2001 =19 | 4bo ~1.54]:
BM- 264 | ©56 | 13.0 310 4.7 338 v L2 2 | 83 3os|.



Ee

OF TRIAL

S\

el S
PSR TE SRS

ONDITIONS

DOUBLE AMPLITUDE & INSTANTANEOUS
SH\P RESPONSES

e TRVUE TRUE VERTICAL LATERAL VERTICAL
p | wiND | wiND s&A PiTcH ROLL | Acc€LERATION| AccELERATION | STERN MOTION
W [ sPEED | DiRecriont| srATE (pee) (2e6:) {&'s) (a's) ()
SERGE) ) DA. | st | DA [ st 2.4 TR | 2.4, | st | DA, | /NST,
| 254 | o33 Ls | .1 -4 432 -1n |03 -ooe| .08 .cod| 748 3¢
E | 254 | o033 176 =59 | 932 -327( 04 ow| .67 .003| 547 ©.2%
- F 254 | 033 167 =-.Ho ] /48 - 23| .03 -.00kb| .03 -.co5| £S5 0.4
25.4 033 0.7 24| 8ar 22| of 000 .0b =—ois| 4.317 -306
25.4 ©33 2.67 IH1 | 948 -1.78] .05  .020| .09 -.co7| 11.38 -(.13
| 23.6 | o3y 146 - do| s59 zu8| ot —o22| o4 -.0ot| S6o 2.02.
e | 23.6 | o34 2.04 =.57| 745 -1.77] .08 .oz | .07 .o2z| s30 1123
23.6 | o034 0.50 ob | 74 309| .08 =033| .05 =oe3| 2.04 O.49
x 23.6 o34 /.38 03| 855 2.18) .08 .09 | .08 .o01% 4.78 -2.20
" 23.b | o034 - - - - - - - - - -
23.% 034 o.54 -.47] 100 100} .03 -.029| .03 .o28| 3.46 3.03
;| 2.3 | oo3 | 190 ok | 475 287| 07 .08 | .06 -o022| 434 -1.78
21.3 oo S 2./8 ~.3kb| 595 s503| .09 =006} .0b -.029| 7.8 -9\
| 124 | 065 ‘L 099 to3| 203 17| .07 -~o7| .09 -o023| 398 -6
e e I e e I I I
’ 13.2 337 LS | 221 20| 1.7 .56 | .18 =o018| .07 -036| 771 I.5%
;| 3.2, | 337 313 .77 | 243 .86 | .03 .083| .08 .035| 707 ~517
13.2 337 2.96 .51 | 2.9% 3.87| .22 <086| -l2 =oo4| 9.67 3.3%5
13.2 337 563 =122 35 19| .27 018 45 ~097| 1659 1.b0
i 72 296 26 1,58 | 902 .81 | .00 om | Il -moo2f 942 -5.39
y | 12 | 29 261 719 4o -L8Y| .06 ol | .07 .033| 327 170
4.7 338 L 2. .12 | 831 3.08/.08 =odt| .08 -.032] 5.7 143
\u
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TABLE 6 - ORDERED VALUES FROM WHICH FIGURES 13 AND 14 WERE PREPARED

TABLE6A BOWEN PITCH-VERTICAL LANDING

" Event No Time : Pilox S;::iy géa(e Aircraft Event Pitch, deg.
Run No. No. Cvck;s’ Sec. | of nyf;em R;ggg ~— e - Azrl‘::je lnstantan;ous

Significant | Maximum or Max-Min? Value
2% 4 1 9.6 | Boost Off 40° 4.0 56 5.6 -1.222
10 13 4 24.2 STD 25 24 43 36 0386
9 6 7 48.0 T0S 25 28 34 35 0.036
14 20 4 30.8 TOS 40° 22 33 3.2 0.109
25 0 5.4 | ASE Oft 15 4.0 5.6 3 0.767
" 2 16.0 T0S 20 29 -0.432
25 0 B.4 | ASE Oft 10 54 5.6 27 1.576
10 8 2 15.8 TOS 30 24 43 26 0.533
10 10 8 63.4 XDK 40° 24 43 , 26 0994
14 2t 3 25.0 STO 25 2?2 33 23 0.964
10 15 2 15.8 STD 20 22 31 23 -0127
14 16 3 208 STOD 20 21 -0.034
1 7 3 218 TOS 30 25 41 20 -0032
10 23 2 16.2 TOS 156 19 29 20 0.250
n B 5 34 STO k¥] 29 45 2.0 0260
14 18 ? 20.0 | ASE Ot 20 18 28 20 290
N 8 1 1.8 STD 30 25 4 20 0.883
23 14 1 116 T0S 20 30 58 19 005%
PX] 12 ? 132 | 108 26 19 0499
23 2 0 136 STD 15 25 37 18 0587
13 2 254 T0S 2% 13 2.0 17 0612
25 Q 6.4 |Boost O 20 44 53 16 0.122
9 4 3 22 108 20 24 37 16 0369
10 19 2 228 T0S 3.0 22 At 16 0077
23 6 0 98 STD 20 22 32 15 -0 455
13 12 4 2.2 sSYD 30 13 21 Tt 0.807
20 14 3 248 | STD 20 N ~0.067
16 26 0 ng STO 15 17 29 1R 0.160
10 N 0 2.4 XDK 30 24 43 1 0980
2 16 1 13.6 8§70 20 2.1 .2 1.0 1.031

NQTE: See tootnotes at the bottom of Table 69 and Tabile 6h,
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TABLE 6B - BOWEN ROLL-VERTICAL LANDING

TABLE 6 - ORDERED VALUES FROM WHICH FIGURES 13 AND 14 WERE PREPARED

FREETIEER YR U

' Pilot Steady State Aircraft Event Roll, deg.
Vi Event No. Time Type K Roll, deg
Run No. No. Cycles | Sec. | of Event Rating Doup te Instantaneous
FRS Significant | Maximum Amph(udAe Value
or Max-Min

10 10 7 63.4 XDK 4.0* 1.1 15.6 146 5.660
10 13 3 24.2 STD 25 1.1 15.6 128 -0.246
10 19 2 228 T0S 3.0 10.2 127 120 -2.768
9 6 5 48.0 TOS 25 15 9.8 9.8 0.548
23 2 0 12.6 STD 15 8.7 1.0 93 -3.267
25 5 0 8.4 | ASE Off 1.0 6.9 9.4 9.0 0.812
16 16 0 118 | ASE Off 15 8.9 121 89 -2.844
25 ? 0 6.4 | Boost Off 20 10.2 128 8.3 3.083
23 0 19.0 XDK 20 87 1.0 8.1 212
13 2 254 TOS 25 13 9.7 8.0 5.259
10 23 t 16.2 TOS 1.5 6.3 10.2 1.2 1.534
23 8 1 14.4 TOS 25 128 19.2 71 3.089
16 5 0 8.4 ° o 8.9 121 6.9 5.649
14 20 4 308 TOS 4.0’ 6.2 6.7 6.5 ~3.335
10 15 1 15.8 STD 20 103 16.7 6.4 3.103
25 4 4] 9.6 | Boost Off 4.0° 4.4 6.4 6.3 4.187
13 12 2 271.2 STD 30 6.3 8.0 6.3 2641
16 20 0 78 STD 1.0 8.3 14.4 6.1 ~3.205
10 8 t 16.8 TOS 30 111 15.6 6.0 4.876
16 14 1 142 TOS 15 8.3 N3 6.7 ~0.282
23 6 0 9.8 STD 2.0 128 19.2 5.5 2.182
13 2 1 168 YO8 5 5.5 1.2 49 0.035
18 2 0 12.0 TOS 1.0 - - 48 ~0.539
20 4 1 20.2 STD 1K) 30 45 48 2133
2 13 0 10.2 708 1.5 34 b4 48 -1.840
14 18 \ 20.0 | ASE Oft 2.0 48 13 48 1.050
23 14 0 1.6 TOS 20 8.7 118 4.7 28N
16 24 1 10.8 STD 1.5 60 2 44 1.66%
23 12 1 13.2 T0S 26 - 4.3 -(.839
16 12 0 10.2 TOS 1.0 8.3 1na 43 0512

MRS . 2
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NOTE: See footnotes at the bottom of Table 6g and Table Gh.
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TABLE 6 —~ ORDERED VALUES FROM WHICH FIGURES 13 AND 14 WERE PREPARED -

TABLE 6C - BOWEN VERTICAL ACCELERATION-VERTICAL LANDING

Pilot Steady Stefte Aircraft Event VACC, g's ’
VL Event No. Time Type . VACC, g's .
Run No, No. Cycles | Sec. | of Event Rating Dou.ble Instantaneous !
: PRS Significant | Maximum Amphtuc?e Value
or Max-Min !
10 10 9 |634 | xoK 4.0" 19 34 31 --0.087
25 4 1 9.6 | Boostoft | 40° 25 28 27 0.015 _
16 13 3 |22 sTD 25 19 34 24 -0.025
10 15 2 158 | sTD 2.0 16 21 24 -0.046 ;
9 6 7 |80 | TOs 25 18 24 20 ~0.029
11 1 5 {314 sT0 3.0 22 38 20 -0.015 :
1 ) 3 (218 sto 30 19 32 20 ~0.014
14 20 5 {308 | TOS 4.0° 13 19 A7 -0.060 ;
1 2 150 | TOS 20 - - 17 -0.070 ;
9 4 212 | TOS 20 19 26 16 0.016 :
12 : 2 58 | TOS 30 19 34 15 0.039
14 16 4 08 | sto 20 - - 15 ~0.087 ‘
13 12 4 272 | srto 30 13 14 14 -0.032
16 2 2 18 | sto 1.5 13 20 14 -0.017
6 " 5 |28 | Tvos 28 - - 14 ~0.053 .
14 18 3 200 | ASE Off 20 Rt A8 13 0.011
10 16 2 16.2 o ] o 16 26 12 0.022
23 1 1 13.2 o o .08 12 A1 -0.022
4 ? 3 122 | vos 2.0 08 13 11 0.011
2% 5 1 8.4 | ASE Off 1.0 23 28 1 0.on
14 23 3 208 | STD 20 12 18 10 ~0.095 :
3 5 %48 | TOS 2.0 19 A4 10 0.005 :
15 2 166 | TOS 1.0 - - 10 ~0.008
14 2t 4 %0 | sto 25 A3 A9 088 0.002
4 9 3 182 | TOS 20 08 13 095 0.002
10 17 1 15.6 57D 2.0 12 20 092 0.034
20 14 5 |28 | sT0 20 - - 091 -0.007 ;
10 n 0 24 | x0K 3.0 19 34 080 0.028 i
i 6 1 152 | TOS 15 .07 BT 089 ~0.010 ;;
: 13 4 124 | TOS 26 09 12 81 -0.023 !
i
!

-

NOTE: See footnotes at the bottom of Tably 69 and Table 6h,
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TABLE 6 — ORDERED VALUES FROM WHICH FIGURES 13 AND 14 WERE PREPARED

TABLE 6D — BOWEN LATERAL ACCELERATION-VERTICAL LANDING

' Pitot Steady Stat? Aircraft Event Pitch
Vi Event No. Time Type . LAT ACC, g's
Run No. No. Cycles | Sec. | of Event Rating Dou'b le Instantaneous
) PRS Significant | Maximum Amphtud‘e Value
or Max-Min
8 6 7 48.0 TOS 25 14 .20 .20 —0.005
10 13 4 24.2 STD 25 .18 .26 .20 0.017
10 4] 10 63.4 XOK 4.0° 16 .26 18 -0.029
10 15 2 15.8 STD 2.0 14 19 .16 0.025
25 4 2 9.6 | Boost Oft 4.0° RA .23 15 -0.077
1 1" ) 314 STD 30 A2 16 RIS 0.040
14 20 5 308 TOS 40" 09 14 12 0.051
i) 5 0 8.4 | ASE Oft 1.0 10 14 At -0.002
13 12 4 272 STD 3.0 .09 A2 R -0.010
" 7 4 218 TOS 30 10 R1 A 0.023
10 23 1 16.2 TOS 1.5 .09 14 N ~-0.010
16 b ] 1 78 STO 1.0 .1 18 10 0.003
23 i 1 13.2 ° o .08 A3 10 0.018
10 8 2 16.8 TOS 30 A6 .26 10 -0.021
10 19 2 228 TOS 3.0 .09 18 091 000007
a3 2 2 136 §T0 186 07 10 o9 ~0.023
13 4 4 254 108 25 KiY) a 0B ~0.026
3 5 %8 TOS 20 07 A2 .080 0.01
4 5 0.2 TOS 20 A2 A8 079 0013
26 7 (¥ 6.4 | Bonst Off 20 09 10 0718 -0.032
25 2 0 6.4 | ASE Off 15 1 3 077 0.036
14 3 3 204t TOS 1.0 - 074 0.027
X 2 0 13,6 STD 15 07 A0 074 0.003
16 14 2 14.2 T0$ 15 08 A0 on - 0.009
14 21 4 ikt S$TO 25 .08 14 on 0.014
2 13 1 10.2 Y08 1.5 04 08 068 0.006
16 16 0 1.8 | ASE Oft 1.8 .08 N 086 -0.007
6 " 3 218 TOS 25 - - 084 0.007
10 4 0 24 Y108 20 16 26 063 -0.037
4 16 3 16.6 YOS t.0 - - 063 «~0.003
NOTE: See footnotes at the bottom of Table 6g and Tabie Gh.
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TABLE 6 — ORDERED VALUES FROM WHICH FIGURES 13 AND 14 WERE PREPARED .
TABLE 6E — BOWEN PITCH-VERTICAL TAKEOFF

Pilot Steady State Aircraft Even Pitch, deg. '_‘(

V10 Event No. Time Type . Pitch, deg. %

Run No. No. Cycles | Sec. of Event Rating Dou_ble {nstantaneous 3;,

: PRS Significant | Maximum Amphtud.e Value

or Max-Min E

9 0 70 | TOS 1.0 2.4 3.7 3. 0.48

26 o | e8| ° 0 40 5.6 30 0.506

23 5 o |128] xoK 15 25 37 2.7 1.405

16 25 1+ |10 st 15 17 29 25 0975 l

. 10 0 66 | TOS 15 24 43 25 ~1.049
‘ 1 v |18 | TOS 26 24 4.1 2.3 0 ‘ 1 |
% 1 1 g4 | STD 10 40 5.6 22 0199 { |

i 23 16 0 118 | TOS 20 30 55 22 ~0.356 B

2 7 o | 76| sTO 20 23 3.2 20 0868 |

’z 26 6 0 44 0 o 54 5.6 2.0 —0.188 }

-; 9 3 v |14 TOS 1.0 25 36 19 0.1 !

: 1 4 v {18 | TOS 25 - - 18 0.679 ‘ i

; 9 7 1 70 | TOS 15 26 34 18 -0.872 X

2 1 o {120 TOS 15 26 37 12 -0.740

23 3 v | 1na} vos 16 25 31 17 -0.404 L

14 22 1 g2 | sTO 1.6 22 33 16 0.667

1 10 1 68 | STD 25 25 a1 14 0.077

14 19 1 74 1 STO 1) 1.8 26 14 0.499 b

23 9 1 194 | TOS 26 23 32 13 1.031

16 3 o |nal| TOS 10 - - 13 0.061 ;

1 3 1 98 | YOS 25 - - 13 ~0.106

9 1 \ g8 | TOS 1.0 26 16 13 0678

" 2 v |26 | TOS 16 21 3 12 0616

16 2 2 1o | s 1.6 17 29 12 0.056

16 v o |w2] s 16 1 16 1 0.654

2 2 2 |wns| TOS 10 08 1.1 1 -0.142

13 1 2 |12 | vOs 10 1.2 16 R 0.659 1

10 12 0 58 | XOK 1.6 24 43 10 -0.672 5

3 13 o [1a2]| TOS 1.6 - 1.0 0.078 4

6 10 v | 1o | TOS 16 10 18 10 ~0.168 !

\ NOTE: See footnotes at the bottom of Table 6 and Table 8h.
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) TABLE 6 ~ ORDERED VALUES FROM WHICH FIGURES 13 AND 14 WERE PREPARED 34
TABLE 6F — BOWEN ROLL-VERTICAL TAKEOFF i
R4 ]
. Pilot Steady State Aircratt Event Roll, deg. ‘
VTO Event No. Time Type Rating Roll, deg. Soubie ;
Run No. No. Cycies | Sec. | of Event . Instantaneous A
. PRS Significant | Maximum Ampmuc!e Value
or Max-Min #
23 1 o |[120 | ToOS 15 87 110 0.3 ~1.112
10 12 o | 88| xok 16 1.1 156 83 7677 :
23 5 0 {128 | XDK 1.5 8.7 1.0 9.1 ~1.780 ;
23 9 1 |194 | Tos 25 128 19.2 8.6 2.176
9 1 0 88 | voS 10 6.6 8.8 8.2 -0737
10 9 ) 66 | TOS 1.5 1" 156 1.8 6.513
23 7 0 76 | STD 2.0 12.8 19.2 15 -1773
23 15 1 | ne | Tvos 20 8.7 1.8 5.9 5.033
16 1 o |12 sm 1.6 89 121 56 -3.47 i
18 21 1 |12z8 | so 20 8.3 144 5.6 1828 g
. 23 13 0o |[12]| vos 15 - - 6.5 1726
13 5 1 1124 | TO8 16 73 a7 6.5 -0.903 i
10 20 o |12a | TOS 20 102 127 6.4 3.109
' 16 2 0 106 ] ST 15 8.0 18 5.4 -3.949 3
16 1 0 94 | TOS 16 - - 5.4 1.105
13 1" 0 128 | SO 1.6 6.6 8.0 6.3 2.703
' 13 9 1 72 | STO 25 5.8 7.4 5.1 3.047
10 14 0 94 | sTO 1.0 103 16.7 6.1 4.931
10 18 1 94 | 87D 20 10.2 127 &y 0.760 .
0 9 o | 70| vos 15 X 9.8 as 3.695
2% 8 0 | aa} o 0 6.9 9.4 44 1,841 G
10 18 0 88 | STD 10 103 5.7 44 3.280
16 N 1 ns | sto 1.0 6.0 18 4 -1.262 5
16 13 0 122 | YOS 20 83 13 4. 1.262 i
4 12 0 74 | YOS 20 40 6.0 42 1.108 _
14 19 o | 74| st0 16 a8 13 42 -3.219
a 20 o | ss | T0s 15 a9 79 a -4.148 %
20 13 0 84 | sT0 1.6 - - 4 -2.358 -
4 0 g4 | vos 20 40 1.2 40 -2.936
18 3 0 1.4 108 1.0 - - 39 -1,084
;
, NOTE: Sce tootnotes at the bottom of Table Gg and Table Gh.
o
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TABLE 6 — ORDERED VALUES FROM WHICH FIGURES 13 AND 14 WERE PREPARED i
TABLE 6G — BOWEN VERTICAL ACCELERATION-VERTICAL TAKEOFF 1
s
Pilot Steady St?te Aircraft Event VACC, g's §
vTO Event No. Time Type : VACC, ¢'s §
Run No. No. Cycles | Sec. | of Event Rating Double Instantaneous i
. PRS Significant | Maximum Amphtugle Value f
or Max-Min :
25 3 o | e8| o o 25 28 22 -0.088 !
10 12 o | s8] xok 15 19 34 20 0076 (
9 7 o | 70| Tos 15 18 24 19 0125 f
2% 1 1 94 | stD 1.0 25 28 18 -0.018 ;
10 16 1 88 [ stp 10 16 2 15 0.060 o
1" 8 1 108 | YOS 25 19 2 A3 -0.023
16 25 1 10.0 STD 15 A3 .20 a3 0.046
9 1 1 88 TOS 1.0 A5 27 12 0.014
16 27 1 18 STD 1.0 A3 .20 1 0.009
10 18 0 9.4 STD 20 12 20 " -.014
16 21 1 128 STD 20 A7 27 At -0.059
9 5 i 10 TOS 1.0 19 .26 10 ~0.016
1A 2 1.8 TOS 25 - ~ RIV -0.005
14 19 1 74 STD 16 At 16 .099 0.0
n 10 0 6.8 STD 25 A9 32 039 0.021 ,
13 2 14.2 TOS 1.0 .08 Rk 093 0.022
10 9 0 6.6 TOS 1.5 - - .093 -0.048
rx] ? AR TOS 1.5 .05 08 091 -0.006 '
10 14 ! 94 | STD 1.0 16 4 o 0.007
16 19 1 10.2 STD 10 N 16 089 ~0.026 ,
10 20 1 124 | TOS 20 A2 20 087 0.029
13 13 1 18 $TD 16 A3 14 086 ~0.016
4 14 \ 8.2 TOS 16 A0 14 082 ~0.018
6 23 2 14.0 STO 15 A3 .20 082 ~0.013
2 2 3 178 TOS 1.0 06 N .079 -0.032
9 3 1 10.4 TOS 1N A6 27 018 0.0
23 ? 0 16 STO 20 u8 2 076 0.012
n 2 2 1286 TOS 1.6 1 6 075 a0
4 10 2 8.2 T0S 1.0 - - 073 0.010
14 17 (4) 1 6.0 SYD 16 - = 069 ~0.016
. | :
1. Yeycte datined by thred tuccessive xero cromings, \
2.2Altcu" ovant data defined in Figurs 1, wnd page 6. 11 event contang one ot mote Mmotion cyclas, the largest double 5
smplitude |s recorded; if avent containg 1e4s then one motion cycly, the ditterence beatwesen the largest (rmau.) positive i
and lowest minimum {min), Le., max-min tor event, is recorded. i
3.35s Flgure 1 and page 6 tor deliniions . \
4. °Osrignates Waveott, ses uge 21, i
B. ~Detignates avents that occurad batore ship had stabillzed trom spssd or hasding change. Thess velues not grephed in f
Figures 13 & 14, N ‘
|
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TABLE 6 -- ORDERED VALUES FROM WHICH FIGURES 13 AND 14 WERE PREPARED

TABLE 6H - BOWEN LATERAL ACCELERATION-VERTICAL TAKEOFF

RVINRRTOL Q TEATLEY

Pilot Steady State Aircraft Event LAT ACC, g's
VTO Event No. Time { Type Rating LAT ACC, ¢'s Double
Run No. No. Cycles | Sec. | of Event PRS p— : Amplitude Instantaneous
ignificant | Maximum of Max-Min Value
10 12 0 68 XDK 15 16 26 16 ~0.088
25 3 0 6.8 ° ° BRI .23 A2 -0.004
10 16 2 8.8 STO 190 14 18 N ~0.005
9 1 o 8.8 TOS 1.0 10 14 A0 0.043
10 9 1 6.6 TOS 185 R[] .26 096 ~0.056
16 15 0 18 TOS 1.0 .08 a0 091 0.024
23 ) 0 128 XDK 1.9 07 10 091 ~0.007
16 1 1 128 STD 20 1N .18 083 0.018
9 9 0 1.0 TOS 18 14 20 079 ~0.0008
9 5 1 70 TOS 1.0 12 18 0719 -0.003
2 1 0 120 T0S 18 0? 10 078 0.004
23 12 3 1.2 o ° - - 074 0.012
i 6 0 44 ° o A0 14 0723 0.033
16 3 1 14 TOS 10 - - 0n 0.034
5 1 ) 9.4 STD 1.0 B 23 072 0.036
16 25 1 10.0 STD 16 .08 18 on 0.038
10 4 1 9.4 $TD 1.0 14 A9 068 -0.010
10 18 0 9.4 §$70 20 09 A8 066 0.014
23 7 0 16 s§TO 20 08 33 081 0.022
13 ] 2 1.2 ST 26 .08 08 060 -0.025
13 2 124 TOS 1.6 07 N 059 =0.007
H 2 128 T0S 15 06 08 059 0.032
3 1 \ 18 SYD 16 00 A2 059 0.005
a3 1 2 ns T0S 15 05 08 059 ~0.029
10 a 0 1.2 STO 1.0 09 1) 05?7 -0.010
3 " 0 128 570 5 05 06 064 ~0.00003
4 12 1 14 TOS 0 05 08 052 0.019
1" 10 0 68 STD 26 A0 A8 051 0.008
8 10 1 "o oS 16 06 1n 080 0.002
14 17 0 6.0 STO 15 - - 050 0.009

6.%9Dasignates unavailable sircratt Information,

7.
8.
9.
10.
"

ASE otf - Automatic Stabitizstion Equipment (Yaw), dissngaged.
Boost oft - Hydreaulls Control Boot, dissngaged.

XOK - Crom-deck landing or takeott, Not recomimended for flast use.
TOS - Yurn on the Spot, moditisd landing or teksott,

STO - Standard tending or takeotf.
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